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ABSTRACT 
 
Each earthquake represents a particular moment in the history of the affected region. It is an event 
from which it is necessary to withdraw as much knowledge as possible. The seismicity in Italy reaches 
frequently high values, what makes it a country particularly affected by this kind of natural disasters. 
Historical constructions (in particular masonry ones) are structures that show a high vulnerability to the 
type of loads introduced in the sequence of a seismic event. This dissertation is focused on the effects 
of the 6th of April 2009 earthquake that affected the region of Abruzzo, Italy, with a special attention 
being paid to the cultural heritage of the region, in particular churches. During the emergency period 
that follows the earthquake, many churches and other historical constructions (towers, walls, palaces, 
etc…) were surveyed by the workgroup of the University of Padova. Some of the results collected 
were inserted in a database and are discussed in this thesis. A statistical work is presented, ilustrating 
the referred information, focusing in the data related with the damage assessment of the considered 
monuments, in order to understand the response of these structures to this particular action. One of 
the surveyed churches (S. Pietro Apostolo in Coppito) was studied in more detail. This study was 
composed by an historical research which paid a special attention to the several transformations 
performed on the church throughout time; by the analysis of the activated mechanisms and of its level 
of activation, according to the abacus present on the 1st level form (“Scheda per il rilievo del danno ai 
beni culturali – Chiese”); and by a simplified macro elements analyze of the church, using the program 
c-Sisma. 
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ESTRATTO 
 
Ogni evento sismico rappresenta un momento particolare per la storia delle regioni colpite. Da questo 
tipo di eventi quindi bisogna estrarne il maggior numero di informazioni possibili. Le sollecitazioni 
sismiche in Italia raggiungono spesso valori molto alti ed è questa peculiarità che rende tale nazione 
particolarmente sensibile a tali disastri naturali. 
Le costruzioni storiche, in particolare quelle in muratura, si mostrano molto vulnerabili alle forze 
indotte dal sisma. Questo lavoro vuole mettere a fuoco gli effetti che il terremoto ha avuto in Abruzzo 
nell’Aprile 2009, ponendo particolare attenzione a beni culturali presenti nella regione. Durante 
l’emergenza post sisma, molte chiese e molte altre costruzioni storiche, quali torri, mura di cinta, 
palazzi, etc. sono state ispezionate dal gruppo di lavoro dell’Università di Padova. Alcuni dei dati 
raccolti verranno analizzati in questa tesi. Si presenta un’analisi statistica, dove si illustrano le 
informazioni di riferimento, e dove si pone particolare attenzione a quei dati che consentono di 
valutare il danno presente negli edifici presi in considerazione, con l’obiettivo di comprendere come le 
strutture abbiamo reagito a queste specifiche sollecitazioni. 
Tra tutte le chiese analizzate si è poi scelto di porre particolare attenzione alla Chiesa di San Pietro 
Apostolo in Coppito. In una prima fase si riporta una ricerca storica dove vengono messe in evidenza 
le varie fasi costruttive del manufatto. In una seconda fase si analizzano i meccanismi attivati ed il loro 
livello di attivazione, in accordo con l’abaco presente nella “Scheda per il rilievo del danno ai beni – 
culturali. In fine è stata eseguita un’analisi a macro elementi utilizzando il programma c – Sisma. 
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RESUMO 
 
Cada terramoto representa um momento particular na história da região afectada. É um evento do 
qual é necessário retirar o máximo de conhecimento possível. A sismicidade em Itália atinge 
frequentemente valores elevados, o que faz deste um país particularmente afectado por este tipo de 
desastres naturais. As construções históricas (em particular as de alvenaria) são estruturas que 
apresentam alta vulnerabilidade ao tipo de cargas induzidas por um terramoto. Esta tese estuda os 
efeitos do sismo de 6 de Abril de 2009 que afectou a região de Abruzzo, Itália, prestando especial 
atenção ao património cultural, em particular igrejas. Durante o período de emergência que se segue 
ao terramoto, um grande número de igrejas e outras construções históricas (torres, muralhas, 
palácios, etc…) foram inspeccionados pelo grupo de trabalho da Universidade de Pádua. Parte dos 
resultados obtidos foram inseridos numa base de dados e são discutidos nesta tese. É apresentado 
um trabalho estatístico sobre a referida informação, com especial ênfase nos dados relativos à 
avaliação do dano nos referidos monumentos, com o objectivo de entender a resposta destas 
estruturas a este particular tipo de acção. Uma das igrejas inspeccionadas (S. Pietro Apostolo, em 
Coppito) foi estudada em detalhe. Este estudo é composto por uma pesquisa histórica, a qual presta 
especial atenção às transformações ocorridas na igreja ao longo da sua história; por uma análise dos 
mecanismos de dano activados e do seu nível de dano, de acordo com o ábaco presente no 
formulário de 1º nível (“Scheda per il rilievo del danno ai beni culturali – Chiese”); e por uma análise 
simplificada dos macroelementos da igreja, através do programa c-Sisma. 
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1. INTRODUCTION 
1.1 Overview 
In April 6, 2009 at 01:32:39 UTC an earthquake event with a maximum magnitude (Mw) of 6.3 struck 
the region of Abruzzo, in particular the province of L’Aquila due to its proximity to the epicentre 
(approximately 6.0Km northeast of the epicentre). The events related to the earthquake started in the 
6th of April, 2009 and are still occurring in the form of replicas of diverse intensity affecting the region of 
Abruzzo. 
This affected region as a significant presence of monuments and cultural heritage, as so in the 
sequence of the referred earthquake it was developed the work presented in this thesis, related with 
the vulnerability analysis of historical buildings. 
The knowledge attained form this type of studies is a matter of great interest and importance, in 
particular for the entities that control the preservation of the built heritage, because it helps to prevents 
future errors and allows the definition of more efficient intervention strategies, so important for the 
preservation of this type of buildings in the case of another seismic event. 
Each seismic event represents not only a moment of verification of the state of preparation for the 
emergency of each localities but also a moment in which it is possible to try new intervention 
methodologies and where is possible to evaluate the validity of the previous interventions, (Marchetti, 
2007). In the case of Abruzzo, the region was subjected to some repair interventions after the 1984 
earthquake. 
The restoration works performed in the structures damaged in past earthquakes are now again 
subjected to a new earthquake action, which represents a reliable in-situ experiment of the 
interventions previously carried out. The damage produced by the solicitation is a function of the 
seismic actions nature and of the state of the affected structures, so the analysis of the damage 
represents a valid experimental element to validate the response of the structure and evaluate the 
vulnerability of the referred monuments to this kind of action, (Marchetti, 2007). 
1.2 Objectives of the dissertation 
In this study are established a set of different objectives directed to the understanding of the structural 
behaviour of historical buildings in the region of Abruzzo, in particular churches, and assess the extent 
of the damage existent in this structures as a result of the earthquake event that affected this area on 
the past 6th of April 2009. To do so, after the 1st level survey operations accomplished in the 
emergency period, and in order to summarize the information collected by the Padova University 
Workgroup, a database was organized to study the referred data and to do a first comparison between 
the damage observed in some of the cities and villages located near the epicentre. A statistical work 
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about the summarized information was done, in order to allow an overview about the effects of the 
seismic event in the monuments of the region. 
In this dissertation it is also studied in a more detailed way (in regard to the 1st level survey form) a 
particular case study, the church of S. Pietro Apostolo church, in Coppito. This study includes a 
historical research, the study of the mechanisms activated in the church and in the end a macro 
elements analysis, using the program c-Sisma, on some structural elements and collapse 
mechanisms that were considered as dominant on the church behaviour, based on the previous 
analysis of the activated mechanisms. 
1.3 Thesis organization 
The organization of this thesis is a result of the previously proposed objectives. As so, it will be divided 
in 6 chapters, which will be briefly resumed on the following paragraphs. 
On this chapter, chapter 1, it is presented a brief introduction to the thesis and the proposed objectives 
along with a description of the work contents and organization. 
On the second chapter it is presented a global seismic context, where the particular case of Italy is 
studied in more detail. A summary on the most important historic earthquakes events that occurred in 
the Italy and also the classification of the country in different seismic areas depending on the seismic 
risk is presented and explained. Afterwards, the case of Abruzzo region is viewed in detailed, to 
understand the causes and the location of the major faults responsible for the 6th of April earthquake. 
The main characteristics and an overview of the effects of the earthquake are also presented. 
The chapter three describes the principal parts of the survey form used in the survey of churches and 
palaces, evidencing my personal view of the main problems found during the filling of the forms, and 
with some proposes on possible changes, aimed to achieve a form more suitable to a 1st level survey 
and to an emergency period. 
On the fourth chapter, a database of the information gathered by the University of Padova workgroup 
during the 1st level surveys is presented along with the explanation of its organization. Afterwards, 
based on the information available on this database, a statistical work is performed and conclusions 
about this data and statistics are outlined. 
The fifth chapter is related with a case study of S. Pietro Apostolo church, in Coppito. In this chapter 
the church was studied in more detail, in regard to the 1st level form. This study includes a historical 
research, the study of the mechanisms activated in the church and in the end a macro elements 
analysis, using the program c-Sisma, on some structural elements and collapse mechanisms that 
were considered as dominant on the church behaviour, based on the previous analysis of the 
activated mechanisms. 
On the last chapter of this thesis, chapter 6, the final and most relevant conclusions will be presented 
and discussed.   
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2. THE SEISMIC CONTEXT
2.1 Global context 
“After a strong earthquake the media compel everybody to find information about the event: the report 
on the number of victims, on the destru
our eyes; in a country like Italy the report necessarily includes the damages suffered by the cultural 
heritage. The first reaction releases the solidarity mechanisms; after, polemics arise a
have been done, to prevent the catastrophic consequences of the earthquake. In the end, the emotion 
quench and about the seismic risk subject the silence prevails.
Earthquakes have a devastating effect, as they 
important monuments. Above all these events have a huge impact on the society and on the quotidian 
lifestyle of the people on the affected areas. It is of great importance to study and understand these 
phenomena, in order to try to avoid their consequences and negative effects by establishing efficient 
intervention methodologies. 
The distribution of the seismic activity registered from 1963 to 1998 shows that it is concentrated in 
restricted areas (Figure 1). 
Figure 1 – Preliminary Determination of Epicenters, 1963
The theory of the plate tectonics
phenomena. Although the t
consideration, only some decades ago
geophysics and geodetics. This theory defends that the rigid lithosphere (crust and external part of the 
mantle) is divided in big plates, which “travel” over a more viscous layer of the asthenosphere. There 
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are six main plates: Eurasian, Pacific, African, American, Antarctic and Indo
its movement, of few centimeters each year, is the principal reason for se
Figure 2 – Earth’s Tectonic plates
2.2 In Italy 
The Italian territory extends on more than one tectonic plate whose reciprocal movement generates 
periodic earthquakes, (Figure 3). 
Figure 3 – Tectonic plates in Italy
The tectonics of Italy is controlled by the 
accommodated by a puzzle of tectonic units developed during the subduction and collision of the 
Alpine and Apennine belts. (Chiarabba C.
This country was affected several times by earthquakes
damaged or even destroyed a huge part of its cultural heritage, such as ancient churches, towers or 
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palaces, as well as many houses. Some of the most important events are presented on the table 
below. 
Table 1 – Earthquake events in Italy. 
Year Month Region Magnitude Fatalaties 
1693 1 Sicily 7,5 60000 
1783 2 Calabria - 50000 
1857 12 Naples 6,9 11000 
1905 9 Calabria 7,9 557 
1908 12 Messina 7,2 70000 
1915 1 Avezzano 7 32610 
1919 6 Toscana 6,3 100 
1920 9 Toscana 6,4 171 
1930 7 Irpinia 6,5 1404 
1968 1 Sicily 6,5 231 
1976 5 Friuli 6,5 1000 
1980 11 Irpinia 6,5 3000 
1997 9 Umbria / Marche 6,4 11 
2002 9 Molise / Puglia 6 2 
2002 10 Molise / Puglia 5,9 29 
2002 11 Molise / Puglia 5,8 - 
2009 4 Abruzzo 6,3 295 
 
Seismic risk can be understand as a measure of the potential of lost, as destruction or damage level,  
due to a certain seismic event. It is the result of an integrated evaluation of the influence of three 
factors: the hazard, the vulnerability and the exposition. The geological knowledge about the 
properties of the soil is very important to classify the hazard of a certain region. The vulnerability 
evaluates the degree and extension of the damage in the elements subjected to a seismic action, and 
the exposition is related to the elements value and to its geographic distribution. Considering the three 
factors, the vulnerability is the one that assumes the most important role, due to the obvious 
consequences after a seismic event. Also, using the seismic engineering knowledge it is possible to 
upgrade and even control the seismic behavior of buildings, reducing their vulnerability level and, as a 
result, the level of damage, structural, economical and even the loss of lives, (Neves, 2008). 
The concept of seismic risk was first introduced in 1979 by the United Nations Disaster Relief Office 
(UNDRO), which led to the following mathematical formulation, used all over the world. 
 ∑ ∑ 





=
m i
iml VHqR lim  (2.1) 
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In the expression (2.1), R represents the damage probability for a certain period of time and for a 
certain population, taking into account the seismic probability of the site. The exposition ( mq ), reflects 
the value of the elements subjected to the risk for a certain category, where ( i ) represents the 
intensity of the seismic event and ( l ) the damage level. The hazard ( iH ) represents the exceeding 
probability of a certain intensity level ( i ) of the natural phenomena (earthquake), in a specified local 
and period of time. Finally, the vulnerability (V ) is a property of the element, and means the capacity 
that the structure has to resist to the earthquake, (Neves, 2008). 
Taking into account the information collected in past earthquakes that occurred all over the years, it 
was possible to divide and catalogue the national territory in different areas, based in the shaking 
value that, in 10% of the cases, is estimated to be surpassed in 50 years, or in the vibration 
correspondent to 475 years return time, (Lisciotto, 2004). 
After the Friuli earthquake, in 1976, and Irpinia, in 1980, the “Progetto Finalizzato Geodinamico” was 
activated, promoted by C.N.R., and since then has been studying the nature and the genesis of the 
tectonic phenomena and investigating the lithosphere structure underneath the peninsula, (Lisciotto, 
2004). 
This analysis resulted in a subdivision of the territory in eight areas with distinct structural, seismic and 
geological history characteristics. This division was the starting point for the elaboration of the seismic 
hazard chart, reported the first time in 1980, updated in 1990, and, taking advantage of the most 
recent and reliable statistic technology, improved again in 2004, (Lisciotto, 2004). 
 
Figure 4 – Seismic hazard in Italy (www.ingv.it). 
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The map presented in Figure 4 illustrates the intensity, for each area, of the horizontal peak 
acceleration, used for the definition of the constructive characteristics of the buildings in that region. 
The maximum value of intensity were reached in Friuli, in some areas of the Central and Meridional 
Appennino, along the Calabric arch until the Messina strait g Є [0,25:0,275], (Lisciotto, 2004). 
The quantification of the seismic hazard for each municipality allows the division of the country in four 
different areas as presented in Figure 5. 
 
Figure 5 – Seismic classification of the Italian territory (www.protezionecivile.it). 
• Area 1: Is the most dangerous area, very strong earthquakes can occur. 725 municipalities 
are included. 
• Area 2: Some strong earthquakes are likely to happen. 2344 municipalities are included. 
• Area 3: This area can be affected by moderated earthquakes. 1544 municipalities are 
included. 
• Area 4: Is the less dangerous, in which the probabilities of seismic damage are low. 3488 
municipalities are included. 
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2.3 In Abruzzo 
The city of L’Aquila is locate in the central part of the Apennine chain, which is a thrust-belt that 
represents a margin of a plate deformed during continental collision between the African plate and the 
Euroasian plate that took place in the Cenozoic 65 million years ago, (Cavinato and De Celles, 1999), 
(Devoti et al, 2008). 
The city is located on a tectonic basin bounded by predominantly NW-SE-striking and SW-dipping 
active normal faults, (Blumetti, 1995), (Bagnaia et al, 1996). Downtown L’Aquila is set on a fluvial 
terrace that forms the left bank of the Aterno river, (De Luca et al, 2005). The alluvial deposits 
constituting the terrace are lower Quaternary in age, and are composed of breccias with limestone 
boulders and clasts in a marly matrix. 
This kind of deposit is common in the Abruzzo region and may be related to catastrophic alluvial 
events associated with landslides, (Blumetti, 1995). 
The Abruzzo region is historically characterised by high seismicity, Figure 6; the strongest 
earthquakes were severely damaging, with intensity (I) on the Mercalli–Cancani–Sieberg scale (MCS) 
of up to XI and equivalent magnitude, obtained from the macroseismic data, up to ~7, (Pace B. et al, 
2001). 
  
(a) (b) 
Figure 6 – Seismic activity in Abruzzo. (a) Major active normal faults (thick black lines) and historical earthquakes 
with intensity greater than VI on the MCS scale. (b) Historical earthquakes. 
Most of the historical events occurred in the Apennines, and only a few small to moderate earthquakes 
occurred towards the Adriatic coast. Instrumental seismicity, available since 1981 (INGV database), is 
also concentrated within the Apennine mountain chain (Figure 7), (Pace B. et al, 2001). 
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There are no records on earthquakes that have affected the region to the south-east and as far as 
Sulmona in the last 600 years. Similarly, there is no information on strong earthquakes occurred 
between the Gran Sasso and the Amatrice basin, (A. Rovida et al, 2009). 
 
Figure 7 – Epicentres of instrumental earthquakes recorded from 1980 to 1996 by the National Seismic Network 
of the Instituto Nazionale di Geofisica e Vulcanologia (INGV). 
The city of L’Aquila has been severely damaged at least five times in the last 700 years, specifically in 
1315 ( 7,6≈wM ), 1349 ( 5,6≈wM ), 1461 ( 5,6≈wM ), 1703 ( 7,6≈wM ) and 1915 ( 0,7≈wM ), 
(Figure 8).  
 
Figure 8 – Historical MCS macroseismic intensity of the major events near L’Aquila since 1300 (www.ingv.it). 
The 1461 event shows a damage distribution similar to that of the April 6 earthquake, although it is 
shifted to the east by a few kilometres. 
The municipalities in the region of Abruzzo were cataloged and divided in three of the four seismic risk 
areas (previously explained) – area one, two and three, which correspond to the areas with higher 
values of seismic risk. This classification suffered continuous changes throughout years. The first 
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classification of the region was done in the year of 1915 (Figure 9a), and it was continuously changed 
and updated throughout the tears till the map existent nowadays, (Figure 9d). 
  
(a) (b) 
  
(c) (d) 
Figure 9 – Evolution of the seismic classification of Abruzzo. (a) First classification of the Aquilan province. (b) 
Seismic classification in 1984. (c) Reclassification proposed in 1998. (d) Current seismic classification. 
The seismic risk can also be traduced in terms of g. The maximum values for the Abruzzo region are 
in a range between 0,25 and 0,275g (Figure 10), and include a strip parallele to the two borders of the 
country (Adriatic and Mediterranean sea). L’Aquila and the 6th of April epicenter are inside this area of 
higher seismic risk. 
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(a) (b) 
Figure 10 – Seismic hazard maps. (a) Seismic hazard in the region of Abruzzo. (b) Seismic hazard in the province 
of L’Aquila (www.ingv.it). 
2.4 6th April 
On April 6, 2009 at 3:32 a.m. local time, an earthquake hit the central region of Italy, more precisely 
the region of Abruzzo near the city of L’Aquila. This city has about 73000 habitants and is the 
administrative capital of the region of Abruzzo. This earthquake had a moment magnitude of 6.3 Mw 
and a shallow focal depth (approximately 8.0 to 9.0Km, according to the Istituto Nazionale di Geofisica 
e Vulcanologia, INGV, 2009). The epicenter was located 10.0Km West of L’Aquila and 95.0Km NE of 
Rome (Figure 11), (EERI Special Earthquake report, 2009 and EEFIT web report on Aquila Italy 
Earthquake). 
 
Figure 11 – Location of the epicenter of the 6th of April event. 
This event was the strongest of a sequence that started a few months earlier and numbered 23 
earthquakes of Mw > 4 between 30/03/09 and 23/04/09 (Figure 12) including an Mw 5.6 on April 07 and 
an Mw 5.4 on April 09, (EERI Special Earthquake report, 2009). 
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Figure 12 – Characteristics of 23 earthquakes with Mw > 4 from 30/03/09 to 23/04/09, (www.ingv.it). 
Most of the cultural heritage existent in the historic centers of the region, such as Romanesque 
churches, palaces and other monuments dating from the Middle Ages and Renaissance, was severely 
damaged or even destroyed. Some historic centers around the epicenter and southwest of L’Aquila – 
Onna, Paganica and Castelnuovo, among others – were especially damaged, with shaking intensities 
of up to X on the MCS Scale, (EERI Special Earthquake report, 2009). 
Conversely, damage did not exceed MCS intensity VI nearly anywhere to the northwest of L’Aquila. 
This southeastward elongation of the damage pattern probably reflects a combination of rupture 
directivity and seismic litostratigraphic amplification effects, (EERI Special Earthquake report, 2009). 
Using the hypocentral parameters and the data recorded by the National Seismic Network (INGV) and 
the National Accelerometrical Network, it was possible to draw the shake map of this seismic event, as 
well as the Peak Ground Velocity (PGV) and Peak Ground Acceleration (PGA), (Figure 13). The scale 
correspondent to the shake map shows the macroseismic intensity in Modified Mercally Scale (MMI), 
(Figure 14). These estimations are preliminary and can change if new data is included. 
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(a) (b) 
Figure 13 – (a) Peak Ground Velocity (PGV) ; Red triangles: INGV stations, Blue stations: RAN stations. (b) Peak 
Ground Acceleration (PGA); Red triangles: INGV stations, Blue stations: RAN stations. 
 
Figure 14 – Modified Mercalli Intensity Map; Red triangles: INGV stations, Blue stations: RAN stations. 
The main shock of this earthquake was recorded by 56 of the approximately 300 digital strong-motion 
stations operated by the Italian Strong Motion Network (RAN) which is managed by the Italian 
Department of Civil Protection (DCP). Of these 56 stations, 14 are located in the Abruzzo region as 
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can be seen in Figure 15, while the remaining ones are spread all over the Apennines. Due to this 
density of stations, it is one of the best recorded earthquakes caused by a normal fault mechanism. 
 
Figure 15 – Locations of accelerometers in Abruzzo region and fault plane surface shown in yellow. 
In the Figure 16 are presented the PGA values for the 56 stations where the earthquake was 
recorded. As a comparison, it is shown also the prediction of the ground motion using Akkar & 
Bommer PGA predictive equations. Although no data is available about the site classification of each 
station, the predictions presented are divided into soft soil, still soil and rock. 
 
Figure 16 – Recorded ground motions (squares) and Akkar & Bommer (2007) predictions for three site conditions, 
(www.istructe.org/eefit). 
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In the Abruzzo region, as in most of Italy, the historic city centers are the core of the built environment. 
Many different building typologies can be identified in the L’Aquila area and in the Abruzzo region. The 
construction began in the 13th century and continued up to the modern era, ranging from the historical 
stone masonry (usually not squared of irregular size and sporadic insertions of brickwork) buildings to 
reinforced concrete structures. Also the maintenance conditions are very variable, on the old towns 
one can found a big amount of brickwork houses, inhabited but in a good state of repair.  
In general, all the masonry buildings suffered a great amount of damage due to this seismic event, 
(EERI Special Earthquake Report, 2009), (P. Galli et al, 2009). 
Some of the small villages around L’Aquila, such as Onna and Paganica suffered a strong damage in 
their historic centers (more than 50.0% of the structures were affected). A considerable difference in 
the damage level was found between these villages and others located just a few kilometers away. 
Considering that the URM (Unreinforced Masonry) buildings in these villages show approximately the 
same quality, it is possible to say that these differences are due to site amplification effects, (EERI 
Special Earthquake Report, 2009). 
It is noticeable that the buildings in the centre of L’Aquila performed better if compared with the 
villages around the city. In general, the center of the city was reserved to richer families, who could 
invest in a good construction and materials of superior quality. As an example, in most of these 
buildings is possible to identify cross-ties in the walls, which limit the out-of-plane deformation of the 
buildings. Conversely, in the countryside villages the families were not so wealthy, so the materials did 
not have so good quality, and the buildings were constructed using a specific technique – called a 
sacco – which made them more vulnerable to the earthquake action. Even in the cases when ties 
were used, they do not show a good behavior, due to the deteriorated and poorly maintained walls, 
which do not have sufficient strength to support the kind of load imposed by the ties (concentrated and 
out-of-plane), (EERI Special Earthquake Report, 2009). 
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3. THE SURVEY FORM 
3.1 History 
When a damaging earthquake hits a populated area, it is mandatory to have an immediate response, 
in order to start dealing with its effects in people’s life and in the buildings affected. One of the first 
actions carried out by the responsible authorities is to deal with the inspections of the buildings in the 
damaged area, with the purpose of establish their viability, as this procedure will reduce the number of 
homeless and, consequently, the number of shelters and emergency provisions, (Anagnostopoulos, 
2006). 
Some monuments in particular have a very important role in society, being constructions full of social, 
artistic, symbolic and historical value. As so, it is very important to act fast after a seismic event, 
providing strengthening to the weakened structures, in order to save what is possible to be saved and 
to assure the safety of the monuments and of the population in general, considering the aftershock 
sequence. 
For the success of this operation, indispensable to get life in the damaged areas back to normal, is 
very important to define provisory emergency plans, which need to be known and familiar to the 
responsible authorities, as well as the fastest way of implementing them. The training of the personnel 
involved, in particular the engineers-inspectors is also an important factor that contributes to the 
success of the operations, (Anagnostopoulos, 2006). 
The experience along the years pointed out this necessity, of defining a systematic methodology to be 
applied under the usually chaotic emergency conditions created by an earthquake. This need grew 
throughout the years, especially after big earthquakes like the ones that occurred in Friuli (1976), 
Irpinia (1980) and more recently the Umbria-Marche earthquake (1997). 
After the systematic analysis of the damage caused by the Friuli earthquake (1976), the behaviour of 
the monuments, namely churches, to a seismic event, started to be studied in detail, considering its 
subdivision in macroelements. This earthquake gave the first impulse to the study of the specific 
vulnerability of this typology of structures considering the possibility of interpretation of the seismic 
behaviour decomposed in its main architectonic elements, which are characterized by the same 
seismic behavior and by a response almost independent with relation to the rest of the structure. By 
studying the main macroelements, its typology and connection to the rest of the structure is possible to 
understand the damage mode and the most frequent collapse mechanisms. 
In 1983, the GNDT (Gruppo Nazionale per la Difesa dai Terramoti ) was created, as a subdivision of 
the Civil Protection, with the purpose of coordinating the scientific research in the seismic risk 
mitigation. 
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Using the experience acquired in previous earthquakes, a procedure was created, in order to define 
the safety of the monuments and the priorities regarding the interventions during the first moments 
after the earthquakes. 
A survey form, to be used in the post-earthquake emergency period was prepared, as first approach to 
the buildings, where all the information about the safety is collected. Its redaction counted with the 
knowledge and direct experience in the last earthquakes of a group of researchers and experts of 
GNDT and SSN. 
This form, intending to detect if during the ongoing seismic sequence, the damaged buildings can be 
used with the guaranty of safety for the human life, needs to be completed in a very limited time 
extent, based on expert judgement of the inspector, on visual inspections and on the available data 
easily collected. Its purpose is not of being a detailed safety assessment based on calculations, but 
based only on expert judgement, (Goretti, 2006). 
Taking into account the considerable number of people involved during the inspections, it becomes 
very difficult to follow uniform rules, and in this context the question about the reliability of the collected 
data may arise. Some aspects need to be taken into account, as they influence the reliability of the 
data. First, the uncompleted forms is a problem frequently found, as many times the requested data is 
unknown, or the spaces are filled with ambiguous terms, such as the age of the construction, the 
building type,... It can also happen that the form is completed, but with some errors (ambiguous terms, 
misunderstandings, untrained inspectors), due to lack of knowledge or experience of the inspector. 
Another aspect that influences the reliability of the forms is the fact that the subjectivity in the inspector 
judgment is always present, which may originate some errors if, again, the inspector is not trained and 
does not have the knowledge or experience needed to perform an adequate work, (Goretti, 2006). 
The number of inspections to be done can sometimes reach very high values, depending essentially 
of three aspects: the focal characteristics (magnitude, depth, type of fault, fault orientation, directivity, 
focal mechanisms, etc...) that influence on the energy radiation pattern; the density of buildings in the 
areas affected (urban or rural area); the buildings vulnerability in the affected areas. In Italy, it is 
known that the most hazardous areas are located along the Appennines, a region that does not show 
a high concentration of population, but where the buildings are characterized by a high vulnerability. 
For this reason, an earthquake in this region can represent a very big number of inspections. The 
easiest way to deal with the situation is establishing clearly the methodology, procedures and forms 
used to assess the damage and safety criteria before the earthquake, as well as criteria and 
procedures for short term countermeasures, (Goretti, 2006) 
The form started to be applied during the post-earthquake emergency in the earthquakes of Marche e 
Friuli (1997). 
All over the years, the form was changed several times. The actual survey form is the result of the field 
experience obtained after the use of the form in different detail levels in past earthquakes. As it is used 
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only after an earthquake, the real problems arise and are noticed in these situations. After each 
earthquake the forms are updated, correcting the errors and making it more adapted and easy to use, 
according to the real needs and objectives of the inspections during the emergency period, in which 
they are applied. 
The damage classification suffered serious changes since it was first applied in Friuli ’76. At this time, 
the main idea was to asses the possibility of building repair and the global amount of economic loss, 
so collapsed or undamaged buildings were not surveyed. The result represented an overall judgement 
of the damage of the building, without specifying the damaged areas, (Goretti, 2006) (Figure 17). 
After this seismic event , the collected data was catalogued  in a systematic way for the first time, and 
published in 1994, almost 20 years later, in an Italian book: “The churches and the earthquake”, by F. 
Doglioni et al, (F. Doglioni et al, 1994). 
 
Figure 17 – Damage classification Friuli ’76. 
After the next earthquake (Irpinia ’80) the objective of the inspections was to assess the global amount 
of economic loss, inspecting all the buildings of the affected municipalities. The inspection was 
focused in all the components (vertical, horizontal, roof, infill, partitions and stair) and classified 
according to eight damage levels. In this case, a relation between the damage, the usability and the 
repair was assumed, according to the next classes presented in Figure 18, (Goretti, 2006): 
 
Figure 18 – Damage classification Irpinia ’80. 
Four years later, an earthquake affected the Abruzzo region. Five categories of damage were 
available, (Figure 19), depending basically on the cracks width, on their location and on the extension 
of the damage, (Goretti, 2006). 
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(a) 
 
(b) 
Figure 19 – Damage classification Abruzzo ’84. 
During the Parma ’83 and Emilia-Romagna ’96 earthquakes, a more complex system to asses the 
damage was implemented, (Figure 20). The concept was to classify each component (vertical, 
horizontal, stairs and partition walls) according to the damage (ranging from A to F, in five different 
levels) and according to the extension of the damage (ten levels, which correspond to the percentage 
of element damaged), (Goretti, 2006).  
 
Figure 20 – Damage classification Parma ’83 and Emilia-Romagna ’96. 
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After the Umbria-Marche ’97 earthquake, two different classifications were applied, one for the region 
of Marche and another in the region of Umbria. In both cases the level of damage was divided in five 
categories, but the components considered in the Umbria region were more detailed than the ones in 
Marche (seven components in Umbria vs four, in Marche). The main difference is the fact that in the 
Marche form the extension of the damage for each component was also evaluated, while in Umbria 
this is not taken into consideration, (Figure 21). 
  
(a) (b) 
Figure 21 – Damage classification Umbria-Marche ’97. (a) Marche region. (b) Umbria region. 
Till this earthquake, the survey forms were applied to the buildings in general, without distinguishing 
the monuments from the ordinary buildings. During the Umbria-Marche seismic sequence, more than 
1000 churches were affected and damaged, so the need to survey a big amount of monumental 
buildings determined, for the first time, the adoption of a specific survey form adapted to this kind of 
monuments, (Podestà, 2006). 
The four pages of the survey form are divided into seven sections according to the information present 
in each of them, (Podestà, 2006): 
• Heading, containing the name of the building and the general data of the inspection; 
• Typological and dimensional data, has the definition of the different structural parts of the 
church (nave, presbytery, apse, transept, etc…), namely their dimensions and typology, 
focusing in particular in the elements that have a determinant function regarding the seismic 
response of the structure; 
• Damage to elements of artistic value, where the presence of artistic assets and its possible 
damage is documented; 
• Damage index and vulnerability index. In this part 16 possible damage and collapse 
mechanisms are described; 
• Characteristics of masonry, where all the aspects related with the different existent types of 
masonry are described in an attached form, namely the properties related to the 
characteristics of the elements involved, the mortar, the composition of the faces and 
composition of the transversal section; 
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• Safety, containing the judgment of the technician about the safety of the structure, between 
the four classes available (viable, viable with first aid actions, partially viable, unviable). 
The division of the church in different macroelements allowed the association of the existing cracks 
with those types of damage and collapse. The level of damage varies between 0 (no damage) to 3 
(severe damage-collapse). There were 16 macroelements included in the form which are presented in 
Figure 22: 
 
 
Figure 22 – Mechanisms available in the Umbria-Marche survey form. 
Doing the average of the damage levels for the considered mechanisms is possible to calculate the 
damage and vulnerability index. The damage index (3.1) varies between 0 and 1, and represents the 
average level of damage to the church. The vulnerability index (3.2) is related to the propensity of the 
church to be damaged by the earthquake. 
 
 
(3.1) 
 
 
(3.2) 
where, 
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• k
d is the damage in the mechanism (between 0 and 3); 
• N is the number of mechanisms possibly activated; 
• k
v is the indicator of vulnerability for each mechanism (from 0 to 2); 
• m is the number of questions about vulnerability to which it was not possible to reply. 
 
One year later, another earthquake occurred, affecting the area of Pollino. The survey form applied to 
assess the damage of ordinary buildings is similar to the one used previously in Marche, with the 
difference that the components of the damage assessment were updated (Roof and URM infill walls 
were added) and the classes of damage D0 (Null) and D1 (Slight) were separated, in order to 
distinguish these two cases, Figure 23. 
 
Figure 23 – Damage classification Pollino ’98. 
The Umbria-Marche experience pointed out the necessity of updating the part of the form related with 
the damage of the structure. The number of possible mechanisms was divided in more detailed and 
specific ones, changing from 16 to 18 macroelements. In the actual form 28 mechanisms are 
described, organized in such a way that guides the compiler threw an optimal way, in order to analyze 
all the possible macroelements. The division in 28 elements allows the analysis of large and complex 
churches with a proper level of accuracy and without ambiguity. The judgment of the level of damage 
in five fields was also introduced after the Umbria-Marche experience. Before, only three were 
considered: minor, moderate and severe, (Lisciotto, 2004). This division allows a better definition of 
the damage level, more close to the real condition of the monument. 
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3.2 Churches’ survey form 
The churches survey form was elaborated, as mentioned before, by the GNDT and SSN, and revised 
by Università degli Studi di Genova (Prof. S. Lagomarsino). 
The main objectives of this form are: (1) first knowledge about the church; (2) analysis of the damage 
and vulnerability of the church; (3) study of the church based in macroelements; (4) decision about the 
church viability and definition of the emergency security interventions to be applied. 
The survey form is divided in two main sections. The first section is composed by 13 parts (A1-A13), 
with the purpose of the identification of the church in terms of localization, context in which the church 
is inserted, typology of the artistic assets, etc... The second section is subdivided in 14 parts (A14-
B27), where the damage is described and considerations on the church viability, the first interventions 
required and the first estimation of the cost of the works are done. 
The seismic damage is assessed based in 28 damage mechanisms, which include the most common 
collapse mechanisms in churches, (Figure 24). 
  
(a) 
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(b) 
Figure 24 – Damage mechanisms in the current form. 
The damage level should be chosen based in the macroseismic scale EMS98 (0-no damage, 1-minor 
damage, 2-moderate damage, 3-medium damage, 4-severe damage, 5-collapse), (Figure 25). 
 
Figure 25 – Damage levels. 
After the definition of the possible mechanisms that can be activated and the level of each one, is 
possible to calculate the damage index, based on the following equation: 
 
n
did 5
=
 
(3.3) 
where, 
• n  is the number of possible mechanisms;  
• d  is the total score of damage. 
The damage index is a number between 0 and 1, and measures the average damage of the church. It 
is very useful in the emergency stage, as it gives a hierarchy of the extent of the damages of the 
affected churches, what represents a fundamental categorization for the organization and intervention 
in the post-earthquake emergency. 
An important part of the survey form is the inspector judgment on the safety of the church. It is 
possible to choose between six categories the one that better describes and fits the actual state of the 
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building. These categories are: safe, partially safe, safe with countermeasures, temporarily unsafe, 
unsafe or unsafe due to external causes, Figure 26. 
 
Figure 26 – Categories of safety. 
• Safe (Agibile): The building can be entirely used without danger, without emergency repair 
precautions needed. Some damage can be present, but the reparation is not necessary for 
the safety of the building; 
• Safe with countermeasures (Agibile con Provvedimenti): The building, in its current condition, 
is at least in part unsafe, but it is sufficient to apply some repair measures to be usable in all 
its extension, without any danger. In this case it is required that the necessary interventions 
are described by the inspector. It is important to point out that the safety measures to be 
performed should be able to be carried out in a short time, with few costs and without a 
complex project intervention; 
• Partially safe (Parzialmente agibile): In this case only a part of the building can be safely used. 
The compiler should clearly indicate which are the portions of the building that cannot be 
acceded; 
• Temporarily unsafe (Temporaneamente inagibile): The building properties do not allow a 
reliable judgment about the safety. A more accurate inspection is needed and/or the visit of 
experts. Until the new inspection the building is considered unsafe. This option should only be 
taken in case of extreme necessity, because it implies a considerable increase of the 
inspections activity; 
• Unsafe (Inagibile): The building cannot be used in any case, not even with emergency repair 
measures. This does not mean that the damage is not reparable, but that the reparation 
requires an intervention that, considering the project and execution time needed as well as the 
costs, should be done in the reconstruction stage; 
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• Unsafe due to external causes (Inagibile per cause Esterne): The building cannot be used due 
to high risk caused by external factors (heavily damaged adjacent or facing buildings, possible 
rock falls, etc). 
In the cases countermeasures are needed, they should be specified in the A20 section, (Figure 27). 
 
Figure 27 – Countermeasures. 
It is important to understand that these short term works are aimed to reduce the risk for citizens in 
public areas and to preserve the historical heritage from further damage, considering the gravity loads 
and/or possible aftershocks. These measures are not intended to restore the initial condition of the 
structure, and have a validity limited to the post-event being, as soon as possible, replaced by long-
term measures, (Goretti, 2006). 
The last part of the form is reserved to the estimation of the costs of the necessary works, to some 
general notes where another relevant data not indicated in the form should be indicated and to the 
identification of the group present during the inspection and that contributed to the filling of the form. 
Also some general drawing (plant, sections, etc…) of the church should be included in annex in case 
they exist. Otherwise, a specific space is reserved to draw these elements. 
3.3 Palaces’ survey form 
The structure of the palaces survey form is similar to the churches’ survey form. It is divided in two 
main sections, being the first composed by 13 parts (B1-B13) and having the purpose of the 
identification of the palace in terms of localization, context in which it is inserted, typology of the artistic 
assets, etc... The second section is subdivided in 19 parts (B14-B32), and is oriented specifically to 
the typological and damage survey of the different components of the palace, to the interpretation of 
the structural response through the individualization of the collapse mechanisms and to the safety 
judge, description of eventual first interventions required and estimation of the costs associated, based 
in the previous information. 
Due to the complexity of the palaces, the part of the form related with the damage assessment is 
divided in two parts. In the first, the main vertical structural elements are analyzed individually, 
indicating the type of material, its basic characteristics, dimensions (length and thickness), extension 
and level of damage, (Figure 28). These elements need to be identified in the plant, drawn in the 
correspondent area. 
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Figure 28 – Damage classification for the external walls. 
The same type of damage classification needs to be done for the other structural elements, such as 
the stairs, the horizontal elements and the roof. 
In section B20, the damage in non-structural elements is described, with the possibility to suggest 
some countermeasures in each case, Figure 29. 
 
Figure 29 – Damage assessment of non-structural elements. 
The second part of the damage assessment describes the mechanisms that can be possibly activated, 
considering the structural elements previously enumerated, with the correspondent image in order to 
elucidate each case, Figure 30. 
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(a) 
 
 
(b) 
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(c) 
Figure 30 – Possible mechanisms in the palaces’ survey form. 
The number of structural elements related with the activation of each mechanism is indicated in the 
next table along with the damage level for the most activated mechanism for each of the referred 
elements. If necessary, the countermeasures that should be applied in each case can be identified 
also in this table (Figure 31). 
 
Figure 31 – Level and extension of damage for each mechanism. 
After the definition of the level of damage for each mechanism, it is possible to calculate the damage 
index, using the same formula as in the churches’ survey form. The categories for the definition of the 
safety of the structure (Safe, Partially safe, Safe with countermeasures, Temporarily unsafe, Unsafe or 
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Unsafe due to external causes), and the specific situation in which each one should be used are the 
same as in the churches’ form, already explained in the previous point. 
The last part of the survey form is, as in the churches case, related with the estimation of costs, 
general notes and the identification of the members of the group which did the survey and compile the 
form. 
The complete version of both survey forms (for churches and for palaces) is presented in Annex 1. 
3.4 A personal opinion 
During the time spent in L’Aquila, it was possible to understand some of the problems that arise while 
compiling the survey forms. This point expresses a personal opinion and describes some of the 
problems found by me while compiling the survey forms. After an earthquake some reflection is 
important, on the problems found and on a way to avoid them during the next emergency period. I 
hope that this reflection works as a constructive critic, which is needed considering the aim of 
evolution and adaptability of the forms to the specific and particular situation that an emergency period 
after an earthquake represents. 
The available survey forms are divided in houses, churches and palaces. Although most of the 
inspections carried out can be included in these three groups, there are still some other relevant 
structures that cannot be surveyed using this type of forms. It is the case, for example, of 
archeological ruins, monumental doors, big walls around the city, towers, etc... At this point, these 
types of structures are being surveyed using one of the existing forms, depending on the personal 
opinion and choice of the compiler and on the type of structure. In my opinion, the elaboration of new 
survey forms should be considered, in order to have a more detailed description and a better 
perception on the characteristics and real condition of each of these specific historical constructions. 
• Churches 
In my opinion, the churches survey form does not present any serious flaws. It is a form relatively fast 
and intuitive to fill, which is an important characteristic due to emergency period in which it is applied, 
that requires a high efficiency and simplified methodologies. Despite being simple, it contains a lot of 
information and traduces well the state of damage of the structure.  
Some problems can arise regarding the possible mechanism existent in the church. Usually churches 
have approximately the same spaces and characteristics, such as the nave (only one or more), the 
main chapel, lateral chapels, transept, presbytery, etc… With these elements is possible to define 
mechanisms that can be activated in each case. In most of the cases, some of these mechanisms will 
not be possible, due to the inexistency of some spaces. In the case of L’Aquila, we could observe that 
most of the churches had only one nave, and did not have transept, so the mechanisms related with 
these elements are not possible to be activated. On the other hand, sometimes the church show a 
different configuration or different spaces that cannot be included in the mechanisms described in the 
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form. One example is the S.Pietro in Coppito (case study that will be studied in detail in chapter 5). 
This church suffered a partial collapse in the sacristy vault (which is an annex but incorporated and 
connected to the church), and this damage cannot be included in the mechanisms enumerated in the 
form. It is possible to describe the damage in the notes, but it will not be included in the damage index 
calculation. Some situation like this one can lead to a lower damage index, which does not correspond 
to the reality of damage in the church.  
Another important issue is the general weight of each mechanism in the damage index calculation. 
Currently, all the mechanisms possibly activated have the same weight, because the damage index, 
as explained previously, is just the average of all the mechanisms considered and the total points of 
damage.  
 
n
did 5
=
 
(3.4) 
where, 
• n  is the number of possible mechanisms; 
• d  is the total number of points of damage. 
From my point of view, there are mechanisms that should have a higher weight in the total damage, as 
they represent an important mechanism or an important structural component of the church, vital for 
the stability of the structure, while others can possibly represent the collapse of a reduced and 
restricted part of the church. 
It is also important to mention that the compilation of the inspection survey form is a process very 
dependent of the technician that does it. It is a subjective work, which is highly dependant of the 
experience and knowledge of the technician and of the entire survey team that does the inspection, so 
the data needs to be treated taking this into account. The subjectivity affects the whole process, not 
only during the inspection itself but also during the determination of the damage level for each 
mechanism. This is an issue related not only with the compilation of the churches survey form, but 
with all the inspections and existent survey forms. 
• Palaces 
Being the first time applied, the palaces survey form was not well adapted to the work as the churches 
form. In general, the compilation is not very clear and some doubts appeared about the right way of 
filling it. At this point, probably a more detailed and explicit manual could help to solve this question. 
There is one example available to help clarifying the form and showing how to fill it but some other 
material should be available with a more diverse number of cases and applications. Obviously, each 
case is unique and is not possible to cover all the variants with few examples, but it would give a 
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better idea on the best way to fill the form. It is indispensable to update the manual, in order to right a 
new one where each point of the form is explained in detail, in an undoubtable way.  
Apart from the manual, the form itself is still very complex and, in my opinion, has a lot of information 
that is not important during this emergency time. Being palaces such complex structures and with so 
many variants, it is very difficult to simplify and to build a form that can be versatile and adaptable for 
all the cases. But it is very important that in the form are included only the principal points which are 
necessary and indispensable to determine the first countermeasures and the general state of damage 
of the palace, in order to simplify as much as possible the process and make it simpler and faster. 
Due to all the doubts encountered and the complexity of the form, there were many different opinions 
about the right way of filling it. The uncertainties opened space for the individual opinion, and different 
ways of interpretation were defended. These uncertainties lead to different criteria during the 
compilation, mainly in the mechanisms table, affecting all the form and in particular affecting 
considerably the calculation of the damage index. This is the main reason why the forms need to be 
absolutely clear, so they can be filled following only one criteria.  
An effective way of solving this problem, apart from updating the form, could be the realization of 
some workshops dedicated to its compilation, where every point of the form would be explained step 
by step, and some different cases were exposed. This would allow everybody to be more informed 
and follow the same criteria, leading to a more consistent final result capable of being compared. 
One of the points of the form where too much time was spent was doing the prediction of costs. This 
point was, most of the times, a source of discussion due to the different experiences and knowledge 
that the members of the group have. Also, although most of the technicians that coordinated the 
survey teams possess a huge background and experience in the field of vulnerability analysis and 
rehabilitation of historical monuments they don’t have the knowledge to perform this type of cost 
assessment; as so, a survey team should always be provided of a technician with this type of 
knowledge. Another possible option to solve this question is the implementation of an automatic 
procedure to evaluate the costs, based in the damage assessment (the activated mechanisms and 
their level of damage) present in the survey form. In this case the estimation of costs would be more 
coherent, because it applies the same criteria for all the cases, being not so dependent in the 
subjectivity and individual opinion of the group involved in the survey process. This type of estimation 
was already applied during this earthquake, but only in the case of churches. 
  
Seismic Vulnerability of Historical Structures. Damage state of the Abruzzo churches, in the sequence of the 2009 earthquake. 
 
 
 
Erasmus Mundus Programme 
34 ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS 
 
  
Seismic Vulnerability of Historical Structures. Damage state of the Abruzzo churches, in the sequence of the 2009 earthquake. 
 
 
Erasmus Mundus Programme 
 
ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS 35 
 
4. THE DATABASE 
As a consequence of the 6th April 2009 earthquake in L’Aquilla (Abruzzo) appeared the need to 
perform an emergency safety analysis of all the buildings, from simple houses to monumental 
buildings, in the affected area. The University of Padova, along with many other institutions, started 
collaborating in the emergency operations since the beginning. Due to its area of expertise the Padova 
workgroup focused on the viability assessment of historical buildings. 
The first step of this work was the one of surveying the monuments of the region, in particular 
churches and palaces, through the compilation of the 1st level survey forms “Scheda per il rilievo del 
danno ai beni culturali” presented on the previous chapter, in order to define an intervention priority list 
based on their viability and damage index.  
The data from the survey forms was later inserted in an excel database, in order to have the 
information organized and allow an easy access to these results. The forms were organized according 
to the scheme presented in Figure 32: 
 
Figure 32 – Excell Databse UNIPD. 
In this first excel sheet the information relative to the location and name of the surveyed buildings was 
inserted, and an identification code was attributed to each survey form (ID) that serves as the 
reference of the monument in the other sheets where the data is inserted. It is very important that the 
fields related with the description of the building (location, name, etc …) are rigorously filled because, 
due to the quantity of inspected buildings and the repetition of their names, is very easy to make 
mistakes. 
Other information present in the database is the data of the inspection, the number of the inspection 
team according to the daily organization and the COM (Mix Operative Center) in which the buildings 
were located according to the map presented in Figure 33. In the last two columns (Photos and 
Survey Form), it is signalized if these two elements are available in the respective database folder 
both physic and virtual. 
In the second excel sheet appears the ID of each church and the data related with its damage (the 
possibly activated mechanisms and the points of damage of each one). 
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After the preparation of the database, a statistical work was carried out, in order to understand and 
correlate the earthquake data with its effects on the churches surveyed. 
 
Figure 33 – Abruzzo region divided by COM’s (www.protezionecivile.it). 
4.1 Statistical analysis of the attained information (1st level form) 
In this point it is going to be done a statistical analysis of the information gathered during the 1st level 
technical surveys performed to historical monuments in Abruzzo, in result of the 6th April earthquake. 
On a first part it is going to be analyzed the general gathered information, i.e., all type of surveyed 
historical buildings from the two main affected provinces of Abruzzo (L’Aquila and Teramo) within the 
COM areas. 
Afterwards the study is going to focus only on the most affected area the province of L’Aquila and in its 
Municipality localized near the 6th of April earthquake epicenter and on only one type of surveyed 
structure, churches, which represent the highest percentage of surveyed buildings to the date.  
4.1.1 General information 
It is important to mention that the data presented in this work was collected during the months of April 
May and beginning of June, by the workgroup of the University of Padova. In total, 173 monuments 
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were included in this study, divided into churches, palaces, walls and towers according to the graphic 
presented in Figure 34. 
 
Figure 34 – Types of inspected monuments. 
During the first emergency period the priority in the inspections was given to churches, due to their 
cultural importance and necessity to be preserved. Actually, during this referred period 80.0% of the 
total surveys were churches, as so, the statistical work that is described in this chapter is focused only 
this type of monuments. 
Of all the churches included in the database (118 in total) 30.0% were considered safe, 17.0% safe 
with precautions, 2.0% partially safe, 24.0% temporarily unsafe, 26% unsafe and only 1.0% unsafe 
due to external causes (Figure 35). 
 
Figure 35 – Viability percentage (L’Aquila and Teramo). 
As explained previously the damage index (Id) of a certain structure is calculated based in the 
activated mechanisms (n) and in its level of damage (d), and presents a value the various between 0 
(undamaged state) and 1 (total collapse). In the following analysis this interval of damage was divided 
in 5 subintervals in order to allow a more intuitive interpretation of the results. 
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From the analysis of the graphic presented in Figure 36 it is possible to conclude that the majority of 
the analyzed churches (57.0%) present a low damage index (below 0.2).  
A considerable percentage of churches (28.0%) are comprised on the 2nd interval of damage index 
(values between 0.2 and 0.4) presenting a medium level of damage. 7.0% of the churches have 
present an intermediate index damage while other 7.0% reach values between 0.6 and 0.8, which are 
already very high.  
Fortunately only 1.0% of all the surveyed churches have a damage index higher than 0.8, 
correspondent to a situation of almost total collapse. 
 
Figure 36 – Damage index distribution (L’Aquila and Teramo). 
Although many times is expected a relation between the damage index and the safety, in this case this 
relation is not verified. However, it is possible to establish a relation between the damage index and 
the overall damage in the structure, (Figure 37). 
 
Figure 37  – Relation between the damage index and the Structural damage, (Lagomarsino, Potestà, 1999). 
In the cases where a high damage index is obtained, it is almost sure that the church is unsafe, 
because it means that the entire church shows a considerable damage. In the other cases (when the 
damage index is low) two situations are possible. Either the damage is low/moderated but affects a big 
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percentage of the church, or the damage is low or inexistent in the biggest part of the church, but 
shows a high value for a particular mechanism(s). In the first case, the church can still be considered 
safe, because the damages are not significant and probably will not lead to the collapse or unsafety of 
the structure. In the second case, although most of the church does not show a potential source of 
danger, a small part of it can be in danger, and it will define the unsafety of the whole structure, 
although in general the damage index is low. For this reason, it is not possible to define a direct 
relation between these two indicators (damage index and safety) but, instead, each case should be 
analyzed and studied in particular. 
It is also interesting to analyze the most frequent collapse mechanisms that can be activated, 
depending on the church configuration, (Figure 38). As expected, some of the mechanisms can be 
activated in most of the churches, while others are present only in a few number. 
 
Figure 38 – Collapse mechanisms (L’Aquila and Teramo). 
The mechanisms number 1, 2, 3, 5, 6 and 19 appear as the most frequently possibly activated. They 
are all related with the basic composing elements of a church, the ones that are always present; (a) 
frontal façade (the first three); (b) nave, in particular its transversal response; (c) lateral walls and (d) 
roof. Most of the churches present in the database have only one nave, and this is the reason for the 
lower values of some mechanisms, which are only present in churches with more than one nave. This 
is the case of mechanism number 7 (Longitudinal response of the columns) and 9 (lateral nave 
vaults). Also the mechanisms associated with the transept (10, 11, 12 and 20) have low values 
because most of the churches do not have this element in their structure. 
This graph shows the mechanisms that can be activated in each church, independently of being 
activated or not. In the next figure (Figure 39) it is presented the comparison, considering the total of 
inspected churches, between the possibly activated mechanisms and the mechanism that are in fact 
activated. 
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Figure 39 – Possible and activated mechanisms (L’Aquila and Teramo). 
Also interesting is to analyze the percentage of mechanisms activated in the cases when it is possible, 
as some new conclusions can be outlined. Although mechanisms number 14 and 15 (related with the 
dome and lantern) are rarely possible, most of the times they are activated (around 85.0% of the 
cases). The most frequent mechanisms (number 1, 2, 3, 5, 6 and 19), although frequently possible to 
occur, are only activated around 50.0% of the times, or even less, Figure 40. 
 
Figure 40 – Percentage of possible mechanisms activated (L’Aquila and Teramo). 
It is notorious that all the mechanisms connected with the vaults (number 8, 9, 12, 24 and 18) show a 
percentage of activation between 61.0 and 75.0%, which is very high. This is indicative of the 
vulnerability of the vaults, elements that are most of the times damaged. Also the triumphal arch 
(mechanism number 13) is activated most of the times (73.0%), which is a considerably high value. 
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Conversely, the mechanisms related with the roof of the different parts of the church (number 19, 20 
and 21) have low activation percentage (32.0% in the case of the central nave roof and lower than 
23.0% in the transept and apse cases). 
By dividing the total points of damage of each mechanism by the number of churches where the 
respective mechanism is activated the average damage for each mechanism is obtained (Figure 41). 
Although the values are not uniform, they vary approximately between 2.0 and 3.5 in a scale between 
0.0 and 5.0, where 5.0 correspond to the collapse of the structure. 
 
Figure 41 – Average damage for each mechanism (L’Aquila and Teramo). 
The mechanism 15 (lantern) has the higher damage index average – 3.4, and as so it is possible to 
conclude that this is a highly vulnerable element. Besides, as described in the previous graph, it is one 
of the elements that have a bigger percentage of activation. This is also the case of the mechanisms 8 
and 9 (central and lateral naves vaults), which show a damage index average of 3.0 and 2.5, 
respectively, and are activated in 75.0% of the cases.  
On the other hand, the shear mechanisms in the lateral walls and in the façade (number 6 and 3) have 
a low damage index average, as well as the transept and central nave roofs (19 and 20), what can be 
indicative of the lower vulnerability of these elements to the kind of loads introduced by this 
earthquake.  
 
4.1.2 L’Aquila - Province 
The previous data included churches located in two different provinces, L’Aquila and Teramo. As 
L’Aquila is the province where the epicenter was located, the effects there were much more 
devastating. So, it is interesting to analyze the information in the survey forms for this particular zone, 
excluding the data obtained in the inspections carried out in Teramo. 
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From the statistical viability analysis of the 51 churches located only in L’Aquila province, presented in 
Figure 42, it is possible to observe that 22.0% of the churches were declared safe, 0.0% partially safe, 
12.0% safe with precautions, 41.0% of the churches were declared unsafe, 0.0% unsafe due to 
external causes and 25.0% temporarily unsafe. Comparing these results with the ones obtained in the 
previous point for the totality of the surveyed churches, it is notorious that the percentage of unviable 
churches is higher, due to the proximity of this particular zone to the epicenter. 
 
Figure 42 – Viability percentage (L’Aquila Province). 
The damage index, (Figure 43), shows in general higher values when compared with the graphic 
obtained for L’Aquila and Teramo together. The percentage of damage index lower than 0.2 is 47.0%, 
which shows that the churches considered are in general more damaged in this area. 
 
Figure 43 – Damage index (L’Aquila Province). 
The distribution of the most common collapse mechanism, present in the graphic of Figure 44, and the 
relation between the possibly activated mechanism ad the ones that are in fact activated, Figure 45, is 
similar to the previous case, because the configuration of the churches follows approximately the 
same scheme. 
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Figure 44 – Collapse mechanisms (L’Aquila Province). 
 
Figure 45 – Possible and activated mechanisms (L’Aquila Province). 
 
From the graph showing the percentages of the possible activated mechanisms (Figure 46), it is 
possible to conclude that, in the churches located in the L’Aquila province, the mechanisms number 
14 and 15 (dome and lantern) were activated in all the churches where these elements appeared. In 
fact, the mechanisms that have a higher percentage are similar to the previous case – they are 
basically the two referred, the triumphal arch (in this case with 77.0%), and the mechanisms related 
with the vaults. 
The same occurs in the case of the less activated mechanisms, which are the ones related with the 
roof of the different spaces (number 19, 20 and 21). 
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Figure 46 – Percentage of possible mechanisms activated (L’Aquila Province). 
 
According to Figure 47, the average damage for each mechanisms also shows values in the same 
range (between 2.5 and 3.5) when compared with the previous case (Figure 41), although a slight 
increase can be verified. 
 
Figure 47 – Average damage for each mechanism (L’Aquila Province). 
The highest value of this ratio was obtained for the mechanism 15 (3.75), what, together with the fact 
that is one the most frequent mechanisms, confirms the high vulnerability of this element. This 
situation occurs also in the case of the vault in the central nave (damage index average = 3.35), 
mechanism 8. The mechanism 21 (abside roof) and 26 (veil) show also a severe damage, around 3.4. 
The mechanisms that exhibit lower ratio are in correspondence with the previous case, which are the 
ones related with the shear in lateral walls and in the façade (number 3 and 6), and with the transept 
(10 - overturning and 20 - roof). 
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Considering the data collected in the province of L’Aquila, its interesting to analise the relation 
between the damage index of the surveyed
are presented next in the graphic of 
Figure 48 – Relation between the damage index and the distance to the epicenter.
The results in Figure 48 presented 
cannot be considered as representative of the real situation, 
considerable number of church
In the first area considered (
equally divided between the first four damage index levels, with about 20
damage index between 0.6 and 0
index, indicating the condition of the churches in this area, which are in general very damaged. 
Between 20.0 and 30.0Km, the damage index shows higher v
0.8. The higher percentage of the damage index correspondent to the range 0.6 to 0.8 appears in this 
epicentral distance interval, when compared with the first sector (less than 10.0Km from the 
epicenter). These higher values can have different explanations, depending on each particular case, 
but many times they are due to site amplification effects in particular areas, which lead to a higher 
seismic action in these locals and, consequently, a higher damage index in th
churches. Another possible explanation, although not confirmed, can be related with the fact that 
these villages around the main city (L’Aquila) were in general reserved to people less wealthy, what 
can have imposed a poorer quality of the 
places and, consequently, a worst response to the earthquake. On the other side, the center of 
L’Aquila used to be occupied mainly by people with a lot of possessions, which could apply their 
money in the construction of strong and imponent churches that nowadays show a better seimic 
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response. This question is here presented as an hypothesis, which could be an interesting subject to 
deepen in further studies. 
Still in this range (20.0 and 30.0Km)
lower than 0.4. 
Between 30.0 and 40.0Km the damage index reduces drastically, showing the biggest percentage in 
the interval lower than 0.2. All the structures in this case show a damage index
The relation between distance to the epicenter and the safety of the structures is described
Figure 49. In this graph, it is visible that most of the structures were declared unsafe. The churches 
located less than 10.0Km from the epicenter were, in almost 70.0% of the cases, declared unsafe, as 
well as the churches located in places that dist between 20.0 and 30.0km from the epic
30.0 and 40.0Km, is noticeable an increase in the number of safe structures, as well as the sharp 
reduction in the unsafe ones (around 5.0% in this case). These values are in correspondence with the 
damage index, which shows the lower values
Figure 49 – Relation between the safety and the distance to the epicenter (1 
countermeasures; 4 
4.1.3 L’Aquila - Municipality
In the analysis of the province of L’Aquila presented in the previous point, many municipalities were 
considered. The following graphics were obtained considering only one municipality 
is the municipality closest to the epice
As presented in Figure 50, the percentage of safe churches in this case decreases significantly, as 
83.0% of the structures were considered un
temporarily unsafe (8.0%) structures. It is notorious that this is the area more affected, as it is located 
closer to the epicenter. 
Damage state of the Abruzzo churches, in the sequence of the 2009 earthquake.
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Figure 50 – Safety percentage (L’Aquila Municipality). 
The damage index shows also higher values, following the idea that, although it is not possible to 
stablish a direct relation between the damage index and the safety of the structures, it is notorious that 
when the damage index increases, the viability of the structures decreases, (Figure 51). 
 
Figure 51 – Damage percentage (L’Aquila Municipality). 
The most frequent collapse mechanisms are again similar as can be observed in Figure 52 and Figure 
53, because, as mentioned before, the typology and configuration of the churches is similar in the 
entire Abruzzo region. 
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Figure 52 – Collapse mechanisms (L’Aquila Municipality). 
Some of the mechanisms (number 10, 11, 12 and 20) were not possibly activated in any of the cases. 
These four mechanisms are all related with the transept, which is an element that is not very frequent 
in the churches of the region. Besides, the number of churches considered in this case was not very 
high, so it is a normal situation that some of the mechanisms show a zero value. 
 
Figure 53 – Possible and activated mechanisms (L’Aquila municipality). 
 
In L’Aquila municipality, most of the mechanisms are always activated when they are possible 
(100.0%). This is the case of the dome and lantern, central and lateral nave vaults, triumphal arch and 
the three mechanisms related with the chapels (vault, shear mechanism and overturning), among 
others (Figure 54). The percentage of activation of the rest of the mechanisms is very high (always 
higher than 60.0%), because the churches considered are located closer to the epicenter, and 
therefore are in general more damaged. 
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Figure 54 – Percentage of possible mechanisms activated (L’Aquila municipality). 
The range in which the average damage of the mechanisms varies is again higher, between 3.0 and 
4.0, corresponding to a medium to severe damage, (Figure 55). 
 
Figure 55 – Average damage for each mechanism (L’Aquila Municipality). 
The dome, the central nave vault and the veil are the mechanisms that show a higher damage index 
average. The central nave vault (number 8) and the dome (number 14) also show a percentage of 
activation of 100%, so in the considered churches, these are the most vulnerable elements. 
The mechanisms with low ratio are the ones related with the shear in lateral walls, with the longitudinal 
response of the church and with the lateral nave vaults (number 6, 7 and 9). 
 
4.1.4 Teramo - Province 
After refining the data to the municipality closer to the epicenter, the values obtained for the province 
of Teramo are presented in this point. Teramo (TE) is also a province of Abruzzo, located between 
L’Aquila and the Adriatic Sea as shown in Figure 56.  
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Figure 56 –
Due to its geographic localization in respect to the epicenters 
characteristics, the effects of the earthquake were not so severe when compared with the neighbor 
province of L’Aquila. Considering the 67 churches surveyed, t
is higher than in the other situations previously analyzed (L’Aquila and Teramo together; L’Aquila 
province; L’Aquila municipality), Figure 
Figure 
As can be observed in Figure 58, the damage index in this case 
being the 3rd cathegory (0.4 to 0.6) the maximum cathegory achieved. The percentage of churches 
with a damage index within the first considered cathegory (0.0 to 0.2), i.e, wi
activation is 64.0% (more then half). No church within the ones considered in this analysis rea
two highest categories of damage index (0.6 to 0.8) and (>0.8).
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Figure 58 – Damage index (Teramo). 
The most frequent collapse mechanisms are again similar to the previously presented cases. The 
number 1, 2, 3, 5, 6 and 19 are still the ones more frequent, while the others related with churches 
with more than one nave almost do not appear, Figure 59 and Figure 60. 
 
Figure 59 – Collapse mechanisms (Teramo). 
It is notorious that many elements are not even possibly activated in the most of the churches 
surveyed in the province of Teramo. They are essentially related with the transept, dome, lantern, and 
the vaults of the lateral nave and of chapels. In general, the churches surveyed in this region were 
smaller, most of the times with only one nave and so these elements, usually present in churches with 
a more signifiant dimention, are not present. 
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Figure 60 – Possible and activated mechanisms (Teramo). 
Regarding the possible mechanisms activated, (Figure 61), the mechanism 12 (transept vault) appears 
as the one most frequently activated, followed by the central and lateral nave vaults (8 and 9). Not 
considering the mechanisms related with the transept, the elements that present a lower percentage 
are the ones related with the roof (nave - 19 and apse - 21), the bell tower (27) and the shear in the 
apse (number 17).  
 
Figure 61 – Percentage of possible mechanisms activated (Teramo). 
In the case of the average damage level for each mechanism, it is notorious that these values are 
lower then on the other cases. In Teramo, the average varies between 1.5 and 2.5 or even lower, what 
corresponds to a damage moderate to medium, Figure 62. 
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Figure 62 – Average damage for each mechanism (Teramo). 
Finally, regarding the average damage index, is verified that the most affected elements are number 
28, 27 and 26, corresponding respectively to the belfry, bell tower and projections and again, the ones 
corresponding to the central and lateral nave vaults (8 and 9). 
4.2 Conclusions 
In this chapter the data from the inspections and from the survey forms filled was collected and 
analyzed. The main conclusions were that the effects of the earthquake were more pronounced in the 
municipality of L’Aquila, and in general start to decrease with the increase of the epicentral distance. 
Although some correlation can be found for the higher values, for lower values of damage index is not 
possible to establish a correlation with the safety of the structure. If the damage index is high, it means 
the church shows globally severe damage, and probably it will be declared unsafe. In case the 
damage index is low, it means that, globally, the church does not have a considerable damage, but if 
some part (even if it is a reduced one) of the structure is in danger of collapse, the church needs to be 
considered as unsafe, independently of the lower damage index obtained. 
From the graph that show the percentage of possible activated mechanisms, is possible to conclude 
that there are some mechanisms that are in general more activated in respect to others, that is the 
case of the mechanisms number 8, 9, 24 (central nave, lateral nave and chapel vaults), triumphal 
arch, dome and lantern. Conversely, in general the elements related with the roof (nave, transept and 
apse) and with the tower show low percentages of activation. 
A general overview on the average damage index in each element, allows us to conclude that the 
elements 8, 15 and 26 (central nave vault, lantern and projections) have always a high level of 
damage. On the other hand, numbers 6 and 7 (shear mechanism in lateral walls and longitudinal 
response of the structure) present a low levels of this ratio. 
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Analyzing these two previous results simultaneously, its easly noticeable that the element number 8 – 
central nave vault – is one of the mechanisms with the highest percentage of possible activated 
mechanism and also with high average damage index. For this reason, it is possible to conclude that, 
among the elements considered in the survey form, this is one of the most vulnerable found in the 
considered churches. 
For the municipality of L’Aquila, the average value of the damage level for each mechanism is 
between 3.0 and 4.0, corresponding to a medium to severe damage. For Teramo (the less affected 
area considered) these values are lower – between 1.5 and 2.5 – which represents a moderate to 
medium damage. 
It is also interesting to point that, for the data collected, the damage index and the safety of the 
structures are not directly related with the distance to the epicenter. In general, the relation higher 
distance – structures less affected – higher percentage of safe structures is valid, but it was possible 
to identify some cases located very far from the epicenter, which show a big percentage of buildings 
destroyed. Also the reverse was verified, as some churches situated in cities or villages a few 
kilometers away from the epicenter which show minor damage, and were reported as being safe. 
This fact can be related with the soil properties in the local considered. It is known that the effects of 
the earthquake show big variations, according to the type of material where the waves are being 
propagated. The relation between the intensity of the earthquake in some point and the distance to the 
epicenter is not linear. 
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5. CASE STUDY 
In this chapter the church of San Pietro in Coppito was studied in more detail, in regard to the 1st level 
form. This study includes a first part where the results of a brief historical research are presented, in 
which is paid a special attention to the several transformations performed on the church throughout 
time. This information is of great value when addressing the structural behaviour of the structure 
especially in what concerns seismic loads. 
The second part presents the geometrical survey, followed by the explanation of the survey form used 
to assess the quality of the different types of masonry existent in the church. 
In the next topic a detailed analyzis of the activated mechanism and of its level of activation is 
performed, according to the abacus present on the 1st level form (“Scheda per il rilievo del danno ai 
beni culturali – Chiese”). In this analysis are established and discussed hypothesis for the mechanism 
activation based on the symptomatic signs found on the post-seismic scenario of the church. 
Finally, it is also presented a macro elements analysis of the church, using the program c-Sisma, on 
some structural elements and collapse mechanisms that were considered as dominant on the church 
behaviour, based on the previous analysis of the activated mechanisms. 
 
5.1 Historical research 
S. Pietro in Coppito is a church that presents in its actual configuration signs of different interventions 
throughout history, since it was first built around the year 1112. These interventions changed 
completely the aspect of the church, as well as its volumetric shape (shape in plant and in height). The 
church suffered the effects of severe earthquakes, which damaged it and lead to the partial collapse of 
the structure. The collapsed parts were later rebuilt, sometimes using a different configuration in 
respect to the initial one. These different construction periods are easily identifiable through the visual 
inspection of the monument. 
The oldest part of the church is medieval (probably the one that corresponds to the epigraph present 
in the façade - 1120). Nowadays, the visible remains of this constructive phase are the lower part of 
the masonry walls and the three apses. The constructive technique applied in this phase is 
characterized by the use of big stones, probably from another pre-existing building. At this point at 
least one part of the pavement (from the middle of the church till the apse) should be higher than 
nowadays (the foundation masonry can be identified in a higher level next to the lateral door, Figure 
1) and more adapted to the slope of the soil, slightly inclined from the apse to the façade. 
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Figure 63 – Ancient masonry foundation. 
The part of the church that remained from the original and resisted through time can be identified in 
the reconstruction presented in Figure 64, built after a detailed analysis of the inside and outside of the 
church, in order to identify the common elements that can possibly belong to the same construction 
period. By analyzing this reconstruction, it is possible to assume that the original church had three 
naves, which developed between the façade (probably located in the same place as the actual one) 
and the three frescoed apses. 
 
Figure 64 – Reconstruction of the original part of the actual church. 
Following the direction of these three apses and the division of the church in three naves, some piers 
should be present in the initial configuration, to separate these three spaces and possibly support 
three different roofs, one higher for the central nave, and one for each lateral nave, (Figure 65). 
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Figure 65 – Presumable original configuration of the church. 
In fact, by analyzing other churches built in the region in the same century, it is possible to understand 
that, in this century (XI), this was a common configuration of the churches in this region, (Figure 66). 
 
Figure 66 – Example of other churches built in the region in the same period: S. Liberatore a Maiella (1007-1019); 
S.Maria a Bominaco (1083-1090); S.Angelo di Pianella (1080); S. Pietro ad Oratorium (1080-1100). 
Probably the church remained with this initial structure till the 1461 earthquake. The 1461 earthquake 
was very strong, with a striking similarity with the ongoing sequence. The available records account for 
a serious damage at L’Aquila and in some smaller places in a limited area to the south-east, and a 
long series of aftershocks, some of which were very strong. The historical reports document the 
almost complete destruction of Onna, Poggio Picenze, Castelnuovo and Sant’Eusanio. After this 
seismic event, which probably destroyed part of the church, it was rebuilt, but not according to the 
original scheme. 
The second construction moment identified in the church is also medieval, using a construction 
technique with ashlar masonry, but with smaller dimensions regarding the previous period. This 
technique can be identified in the façade masonry. In the façade an epigraphy is inserted, which dates 
back the construction of the church to the period of Pope Pasquale II. It is possible that this epigraphy 
was recuperated from the collapse of the church in the previous period and placed again in façade. 
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The hypothesis that a collapse of the church took place is based in the fact that the façade is not really 
connected to the lateral wall (in the connection area some fillings can be identified, which probably 
were used to fill old damages or displacements and the substitution of a stone with binding purpose in 
the masonry, probably in the place of another that was destroyed) and the church is notoriously 
narrower in the apse side. It is not possible to say if the pavement in this stage is the same as the 
previous or if it was already lowered to the current level (the opening of the door in the lateral wall is 
usually associated with this lowering of the pavement and of the surrounding soil). 
After the mentioned earthquake the configuration of the church was considerably changed. The right 
lateral wall of the church was built in another position, reducing the total width of the church, and 
changing it from three to only one nave. It still has three apses, but one of them is not incorporate in 
the main nave anymore, (Figure 67). 
 
(a) 
 
(b) 
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(c) 
Figure 67 – Second constructive phase. (a) Existing main nave with the two apses. (b) Plant, prospects and 
section of the church. (c) 3D view of the church in the referred period. 
The third constructive period, presumably executed in the period after the earthquake in 1461, is the 
one that settled the currently existent volume. The masonry technique is evident in the façade and is 
characterized by the presence of angular stones well shaped and masonry leaves made of small and 
medium scappled stones, regularly disposed following an horizontal plan. In the lateral wall this 
masonry is completely covered with plaster (Figure 68). The collapse interface is visible in the apsidal 
walls and in the lateral one, while in the façade this interface was carefully renewed, by constructing 
two horizontal layers of reutilized material from the precedent construction stages. Also the 
construction technique identified in the windows supports the assumption that this construction stage 
was also executed in the period after the earthquake in 1461. 
 
Figure 68 – Lateral wall, showing the masonry covered with plaster. 
Although is not possible to precise in which year, it is known that in the beginning of the XX century, 
the church suffered another important modification. At this time the sacristy was built on the right side 
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of the church. The communication with the church is done by a door opened in the wall, approximately 
in the middle of its length, Figure 69. 
 
Figure 69 – Modifications in the church in the beginning of the XX century (plant, prospects, section and 
3D view). 
To summarize all the interventions, the next image, (Figure 70), shows a simplified chronology of the 
three most important constructive moments in the history of the church, from the beginning (1112) till 
the structure that exists nowadays. The present structure is, as mentioned before, the sum of part of 
each of these moments, due to the successive earthquakes and events that took place during these 
centuries. 
 
Figure 70 – The three most important constructive moments in the history of the church – 1112, 1460 to 
1530 and 1908. 
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More recently, between the sacristy and the apse an office for the priest and also a room, in the upper 
part of the office were built. Also the parsonage was probably built in the same stage, communicating 
with the church through a passage near the apse. The characteristics of the lower part of the 
parsonage (presence of vaults, two very old cantinas and walls built with masonry) allows to 
understand that a part of the parsonage was built a long time before the upper part, although is very 
difficult to precise exactly when. Recently the parsonage was renewed, and a new annex (used for 
diverse activities in the lower part and another room in the upper part) was built next to the parsonage, 
using a reinforced concrete structure. These additions were all executed in distinct stages, as can be 
noticed by the different materials and techniques applied in each space. 
During the last years, the church was submitted to another intervention. The biggest work was done in 
the roof, and consisted in substituting the old timber trusses by new ones, supported by an also new 
reinforced concrete beam, built in the top of the two lateral resisting walls (Figure 71). Also the roof of 
the apses was renewed, as well as the tiles used in the roof of the church. 
  
(a) (b) 
Figure 71 – Intervention in the roof. 
During this intervention some restoration works were executed in the decorative areas. Some 
examples are shown in Figure 72: 
  
(a) 
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(b) 
  
(c) 
Figure 72 – Restoration work in the decorative elements. 
5.2 Geometrical survey 
In this section the plant, section and four lateral views of the church and parsonage are presented 
along with some dimensions, obtained on the available drawings and validated in situ during the 
performed technical survey, (Figure 73 to Figure 78). 
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Figure 73 – Plant of the church. 
 
Figure 74 – Section C-C’. 
 
A A'
B B'
C C'
SEZIONE C-C'
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Figure 75 – West view of the church and parsonage. 
 
 
Figure 76 – South view of the church and parsonage. 
 
 
Figure 77 – East view of the church and parsonage. 
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Figure 78 – North view of the church and parsonage. 
 
5.3 Material survey (form) 
The survey of the different types of masonry present in the church was also done during the technical 
inspections. To systematize the information collected, a specific form was developed and filled – 
“Scheda di 1º livello per il rilievo della tipologia e della qualità della muratura” for each type of masonry 
present in the structure.  
This form is divided in three different parts. The first one contains information related with the 
identification and localization of the church. A map and some photos are included, in order to localize 
the church in the context where it is inserted, as well as a plant and a side view where the surveyed 
masonry to which the form corresponds is located (Figure 79). 
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Figure 79 – First part of the masonry form. 
 
The second section of the form is divided in two parts: in the first one, a photo and a drawing of a 
section of 1.0mx1.0m of the surveyed section (approximately) are shown, and some properties, such 
as the typology, the structural role, the mortar joints, etc, are described. The second part includes 
some characteristics of the stones and of the mortar present in the surveyed wall (type of element, 
regularity, conservation state, dimensions and quality of the materials) (Figure 80). 
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Figure 80 – Second part of the masonry form. 
 
The final section of the form is reserved to a detailed description of the masonry, including a 
qualitative observation, and the attribution of one of the available typologies in the table and according 
to the respective graphic scheme, (Figure 81). 
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Figure 81 – Third part of the masonry form. 
 
The example shown corresponds to one of the characteristic masonry walls identified during the 
inspection of the church. The different moments of construction present throughout the history of the 
church, lead to different types of masonry walls, each with different properties and characteristics. The 
forms describing the other types of walls are shown in the annex 2. 
The masonry found in the church shows in general good quality and properties, which are adequate to 
its structural function.  
5.4 Damage mechanisms (activated) 
In this part of the work, the different activated mechanisms of the San Pietro Apostolo church, in 
Coppito (according to the “Scheda per il rilievo del danno ai beni culturali – Chiese”) are presented 
along with the individual description/analysis of the mechanisms on this particular case and the 
correspondent photo survey and level of damage. 
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5.4.1 Main Façade 
DAMAGE MECHANISM M2 
Overturning of the upper part of the façade ●●●○○ 
 
 
Observations: This mechanism is activated in this church and can easily 
be identified in two zones: (1) above the window, (Figure 
82a) and (2) on the right upper corner, (Figure 82b). The 
crack developed above the window along with the stones 
on the top of the window that show some displacement 
from its original position, are indicative of the movement in 
this part of the façade. These two damages open the 
possibility of a possible collapse of this area in case of a 
subsequent seismic event. Another important damage is 
the crack existent in the upper right part of the façade 
(Figure 82b), which is disconnecting the corner from the 
rest of the façade. That part of masonry is detached from 
the rest of the façade, and it represents a dangerous 
element that may easily collapse. 
Photographic register of the damage mechanism 
  
(a) 
 
(b) 
Figure 82 – Damage in the upper part of the façade. 
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DAMAGE MECHANISM M3 
Main façade in-plane mechanism ●●●○○ 
 
 
Observations: Shear is also an important mechanism in the façade. The 
diagonal cracks are very pronounced, and it is possible to 
verify the correspondence between these cracks in the 
outside (Figure 83a) and in the inside (Figure 83b) of the 
church. This indicates an important damage that crosses 
the wall in all its thickness. The development of these 
cracks can lead to the creation of different elements in the 
façade that are not connected and, therefore, work 
independently, being more unstable in comparison with the 
whole façade responding as one single element. 
Photographic register of the damage mechanism 
  
(a) (b) 
 
(c) 
Figure 83 – In-plane mechanism of the main façade. 
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5.4.2 Aula 
DAMAGE MECHANISM M6 
Shear stress on the lateral walls (longitudinal behaviour) ●○○○○ 
 
Observations: The shear mechanism is almost imperceptible in 
the lateral walls of the church. Only a few cracks 
can be identified on the lateral façades. Due to the 
fact that this cracks are very thin they cannot be 
identified in the photographic registry carried out 
during the inspection of the church. This indicates 
that probably the earthquake had a higher effect 
action in the transversal direction of the church 
(also the most vulnerable or less rigid). The 
configuration of the cracks can be seen in the 
cracks survey previously presented in point 3. 
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5.4.3 Triumphal arch 
DAMAGE MECHANISM M13 
Triumphal arch ●○○○○ 
 
Observations: The triumphal arch shows minor 
damage: a crack at the middle span, 
(Figure 84), which does not constitute 
a potential problem to its stability. 
Photographic register of the damage mechanism  
  
(a) (b) 
Figure 84 – Damage state of the triumphal arch. 
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5.4.4 Apses 
DAMAGE MECHANISM M16 
Out-of-plane deformation of the apses ●●●●○ 
 
Observations: It is interesting to notice that most of the cracks present 
in the apses that are indicative of this mechanism 
appeared in places where there were already some 
cracks opened in the past. As the inside of the apses is 
covered with frescos, it is possible to identify the places 
where old cracks appeared, due to past events 
(although they had been repaired). The actual cracks 
(opened due to the recent earthquake) follow the same 
path as the repaired ones, so this evidences that this is 
a frequent mechanism that was also activated by past 
seismic events. The fact that the apse is a part of the 
most ancient part of the church and that is completely 
covered by frescos helps in the understanding of the 
behaviour of the church in previous earthquakes, 
(Figure 85). 
Photographic register of the damage mechanism  
   
(a) (b) (c) 
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(d) (e) 
 
 
(f) (g) 
Figure 85 – Apses overturning. 
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5.4.5 Interaction near plano-altimetric irregularities 
DAMAGE MECHANISM M25 
Interaction near plano-altimetric irregularities (adjacent bodies, flying buttresses) ●●●○○ 
 
Observations: The interaction between elements with different 
height frequently causes damages in case of 
earthquake. In this case, the difference between 
the height of the central nave of the church and 
the other areas of the church caused some 
relevant cracks, especially in the area dedicated 
to the priest’s office and in the room built in its 
upper part. The fact that this part of the church 
was built many years after the original one, using 
different materials and construction techniques 
represents also an important contribution to the 
activation of this mechanism and to the opening 
of some of the mentioned cracks. Also in the 
connection between the apses and the vertical 
wall is possible to identify a crack due to the 
difference in the height and orientation of these 
two elements, (Figure 86). 
Photographic register of the damage mechanism  
  
(a) (b) 
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(c) (d) 
Figure 86 – Damage due to plano-altimetric irregularities. 
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5.4.6 Projections (Veil, Spires, Pinnacles, Statues) 
DAMAGE MECHANISM M26 
Projections (Veil, spires, pinnacles, statues) ●●●●● 
 
Observations: This mechanism was activated due to the 
collapse of a decorated stone near the 
bell veil, (Figure 87). This kind of 
elements is always vulnerable to 
earthquakes, as they are not effectively 
linked to the structure, or are linked only 
by the lower side, which is enough to 
assure the stability with respect to the 
normal vertical actions, but not enough in 
the case of a dynamic horizontal action. 
Photographic register of the damage mechanism  
 
 
(a) (b) 
Figure 87 – Damaged area due to the collapse of a decorated stone. 
 
5.4.7 Damage index 
The damage index is given by equation (1) where d represents the total damage score for all the 
activated mechanisms, and n is the number of the possibly activated mechanisms. Apart from the 
mentioned mechanisms (the activated ones) there are also others that could be activated but do not 
show any visible damage. These are: 
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• M1 Overturning of the façade; 
• M5 Transversal response of the nave; 
• M17 Shear in the presbytery or in the apse; 
• M18 Vault of the presbytery or apse; 
• M19 Mechanism in roof elements – Lateral wall of the nave; 
• M21 Mechanism in roof elements – Apse and presbytery. 
Considering these possible mechanisms and the activated ones, the total number of possibly activated 
mechanisms is n=13. 
  

5. 
 
(1) 
 
  13 
 
   19  
   0.29  
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5.4.8 Mechanisms activated in the church but not mentioned in the survey 
In this point two important mechanisms activated in the church but not included in the 1st level survey 
form are described. The first case is the sacristy, which is, as explained in the history point; a space 
built many years after the original church, but incorporated in it. This almost independent area suffered 
considerable damage (collapse of part of the vault and important damage in all its extension) that 
cannot be neglected, although it is not included in the 1st level survey form and therefore not 
considered during the calculation of the damage index. 
DAMAGE MECHANISM M 
Sacristy vault ●●●●○ 
 
Observations
: 
The vault in the sacristy suffered a huge 
damage, traduced by a local collapse, 
(Figure 88a), and some important cracks 
spread all over the surface, (Figure 88b), 
especially in middle span. This part of the 
church is much more recent that the rest of 
the structure, but was one of the most 
damaged during the ongoing seismic 
event. 
Photographic register of the damage mechanism 
 
 
(a) (b) 
Figure 88 – Damage in the sacristy vault. 
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DAMAGE MECHANISM M 
Damage due to construction and/or material  discontinuities ●●○○○ 
Observations: In some parts of the church it is possible to 
identify cracks that appeared due to a 
discontinuity in the material and/or because 
the two parts were built in different periods 
throughout the church history. It is the case 
of the triumphal arch wall (Figure 89a and 
Figure 89b), built in the beginning of the XX 
century. Still in the triumphal arch wall, it is 
possible to identify another crack due to the 
construction of a reinforced concrete 
column, below the arch and in the end of 
the mentioned wall (Figure 89c). The area 
correspondent to the priest’s office and the 
sacristy was only recently added, and this 
discontinuity in the construction time, when 
subjected to the seismic action, originated 
cracks in the intersection between these 
different spaces (Figure 89d and Figure 
89e). 
Photographic register of the damage mechanism 
   
(a) (b) (c) 
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(d) (e) 
Figure 89 – Damage in the connection between the different materials or different construction époques. 
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DAMAGE MECHANISM M 
Shear in internal walls ●●○○○ 
Observations: This wall shows some cracks in x, 
typically caused by shear forces acting 
in the plane of the wall. These cracks 
are visible in the back side of the wall 
but not in the front, so they do not cross 
the entire wall and do not represent an 
important or dangerous damage for the 
stability of the structure. 
Photographic register of the damage mechanism 
  
(a) (b) 
Figure 90 – Shear damage in the triumphal arch wall. 
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5.4.9 Mechanisms activated in the church but not mentioned in the survey 
The church’s complex includes also the parsonage, a building connected to the church in one of its 
sides, but built in a completely different époque and in different stages. The parsonage was surveyed 
using the 1st level survey form for palaces (“Scheda per il rilievo del danno ai beni culturali – Palazzi”). 
In general it shows a good response to the seismic action, with almost no visible damage. The most 
notorious damage was found in the discontinuity between the old masonry part and the new annex, 
built using a reinforced concrete structure. 
DAMAGE MECHANISM M3 
Flexural rupture of the walls ●○○○○ 
 
Observations: The flexural rupture mechanism was 
activated in only one of the external 
walls of the parsonage, the back 
wall, in the area near the tie (Figure 
91). Although some cracks were 
identified, they were only visible 
from the outside and do not 
represent an important damage. 
Photographic register of the damage mechanism 
 
Figure 91 – Flexural rupture in the external wall. 
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DAMAGE MECHANISM M20 
Damage due to material discontinuities ●●○○○ 
 
Observations: A part of the parsonage was built recently, using a 
reinforced concrete structure next to the old masonry 
one. As expected, in the connection between the two 
types of material considerable cracks appeared, as a 
consequence of the different response of the structures 
(concrete and masonry) to the seismic action (Figure 
92a). Also in the floor these cracks due to the 
disconnection of the two part are noticeable (Figure 92b) 
Photographic register of the damage mechanism 
 
 
(a) (b) 
Figure 92 – Damage in the connection between the different materials. 
 
 
5.5 Mechanism analysis (c-Sisma) 
5.5.1 Introduction 
This mechanism analysis has been performed using C-Sisma, which is a procedure that allows 
calculating automatically the collapse coefficients (c) related with a single elementary kinematism of 
macro elements, which can be individuated in the masonry buildings.  This program allows studying 
20 different out-of-plane mechanisms, 5 different types of in-plane collapse (kinematic chain) and also 
4 out-of-plane collapse conditions for walls in which its texture is known.  
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Using this program is possible to obtain the collapse coefficient (2) for each of the analysed 
mechanisms of the structure. The minimum value of c corresponds to the first mechanism that will be 
activated, between the ones considered on the analysis, considering the imposed initial conditions. 
 
 


 (2) 
5.5.2 Seismic Action 
In order to perform this analysis it is necessary first to define the initial general parameters (Figure 93) 
related with the characterization of the seismic action, according to the “Ordinanza 3274 modificata 
dall’OPCM 3431 e dall’OPCM 3519” and to the Italian Guidelines (“Linee Guida per la valutazione e 
riduzione del rischio sismico del patrimonio culturale con riferimento alle norme tecniche per le 
costruzioni”). The necessary parameters are the following: 
• Building height; 
• Peak ground acceleration; 
• Type of foundation soil; 
• Importance coefficient of the analyzed building, that depends essentially on its use;  
• Amplification coefficient related with the topographic conditions of the terrain.  
In the particular case of the San Pietro Apostolo church, in Coppito, the chosen parameters were the 
following: 
 
Figure 93 – Definition of the seismic action in the program C-Sisma. 
• The average height considered for this church was 9.5m measured on the plants attained and 
validated during the technical inspections; 
• Because it wasn’t possible to perform accurate tests to the soil capable of assessing its 
resistant capacity, it was assumed in this analysis a type B foundation soil. However, on a 
Seismic Vulnerability of Historical Structures. Damage state of the Abruzzo churches, in the sequence of the 2009 earthquake. 
 
 
 
Erasmus Mundus Programme 
86 ADVANCED MASTERS IN STRUCTURAL ANALYSIS OF MONUMENTS AND HISTORICAL CONSTRUCTIONS 
 
more advanced phase of this study, it is advised to perform experimental test on the soil in 
order to validate the considered hypothesis; 
 
• In the case of churches, considered as cultural heritage, the importance factor needs to be 
evaluated according with the Italian guidelines, “Linee Guida per la valutazione e riduzione del 
rischio sismico del patrimonio culturale con riferimento alle norme tecniche per le costruzioni”. 
Figure 24 relates the importance factor with the regularity of use of the church (not used, 
frequently used or very frequently used), and with the relevance category. 
• In this case, it was considered that the church has medium relevance and is very frequently 
used, so the importance factor is 1.0. 
 
Figure 94 – Importance factor. 
• The amplification factor is used to amplify the seismic action in structure with an importance 
factor higher then 1, based on the topographic conditions of the terrain where it is located. 
Because the San Marco church as an importance factor equal to 0.8, the seismic amplification 
was not considered in this analysis (Amplification coefficient = 1.0). 
• The confidence factor is related to the quality level reach during the different inspections. It 
regards the geometrical and metrical survey, the presence of structural details, the availability 
of the material and the soil information. Considering all these aspect is possible to obtain a 
unique value which represent therefore the confidence factor, in this case results equal to 
1,29. Below is reported the input data: 
 
Figure 95 – Confidence factor. 
• As can be observed on the Figure 96 this building is located in seismic zone type 2, to which 
corresponds a Peak Ground Acceleration (PGA) equal to 0.25g. 
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(a) (b) 
Figure 96 – Hazard map. (a) Italy. (b) Abruzzo region. 
5.5.3 Kinematic Analysis 
As a result of the analysis of the damage mechanisms on the church, the collapse mechanisms 
(Figure 97) to which perform this kinematic analysis using the program c-Sisma were chosen. 
 
Figure 97: Structure elements and collapse mechanism chosen to be analyzed with c-Sisma. 
In order to perform this analysis, besides the previously defined seismic action it is necessary to set 
the particular geometrical properties, material properties and the applied loads of each analysed 
mechanisms. The geometrical properties were measured on the AutoCAD drawings of the church and 
validated with data gathered in-situ. The material properties of the different church elements were 
defined based on the wall quality studies presented in point 3. The applied loads were defined based 
on the geometrical and material properties of the church. Some of the loads such as the self-weight 
were automatically calculated by the program c-Sisma, as for the others were calculated separately, 
also using limit analysis and inserted on the program as input data. Next are presented the kinematic 
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analysis for each of the chosen elements, along with the required input parameters and attained 
results. 
i. Frontal Façade 
On the analysis of the frontal façade were considered three collapse mechanisms:  
• Mechanism 1.1, which is related with the overturning of the façade. 
• Mechanism 1.1, now considering the overturning of the upper part of the façade. 
• Mechanism 4.1, which is related with the in-plane movement of a limited portion of a wall. 
The analyses of these mechanisms are presented next along with the required specific parameters 
and the attained results. 
 
Figure 98: Mechanisms considered in the frontal façade. 
 
Mechanism 1.1 (Total overturning) 
 
Geometrical properties 
h1 Height 9.30m 
b1  Average thickness 0.90m 
Loads 
P Self-weight of the wall 164.22kN/m 
Material properties 
 
σc (N\cm2) σt (N\cm2) ρ (kN/m3) 
Wall 250.0 25.0 20.0 
 
 


 0.0884 
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Linear Analysis 
The value obtained for the linear analysis was   0,0686, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Non Linear Analysis 
By performing a non-linear analysis, the value obtained was   0,1611, while the value 
correspondent to the Italian code is ∆  0,1923. The calculated value is close to the one 
prescribed, corresponding to 84.0% of the code value. 
 
Figure 99: Non-linear analysis of the mechanism 1.1 (total overturning of the façade). 
Notes 
This element does not support vertical or horizontal loads, as the internal roof is supported by 
the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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Mechanism 1.1 (Overturning of the upper part) 
 
Geometrical properties 
h1 Height 5.30m 
b1  Average thickness 0.90m 
Loads 
P Self-weight of the wall 93.59kN/m 
Material properties 
 
σc (N\cm2) σt (N\cm2) ρ (kN/m3) 
Wall 250.0 25.0 20.0 
 
 


 0.1604 
Linear Analysis 
The value obtained for the linear analysis was   0,124, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Non Linear Analysis 
By performing a non-linear analysis, the value obtained was   0,1673, while the value 
correspondent to the Italian code is ∆  0,1795. The calculated value is close to the one 
prescribed, corresponding to 84.0% of the code value. 
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Figure 100: Non-linear analysis of the mechanism 1.1 (partial overturning of the façade). 
Notes 
This element does not support vertical or horizontal loads, as the internal roof is supported by 
the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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Mechanism 4.1 
 
 
Geometrical properties 
h1 Height 1.90m 
b1  Average thickness 0.70m 
L Total length 10.60m 
L1 Length of the corner 1.50m 
Material properties 
 
σc (N\cm2) σt (N\cm2) ρ (kN/m3) 
Wall 250.0 25.0 20.0 
 
 
1
2


 0.395 
Notes 
This element does not support vertical or horizontal loads, because is located in the top part of 
the façade, in the area of the element not connected to the roof.  
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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ii. Apse Façade 
On the analysis of the apse façade was considered one collapse mechanism:  
• Mechanism 1.1, which is related with the overturning of the apse. 
The analysis of this mechanism is presented next along with the required specific parameters and the 
attained results. 
 
Figure 101: Apse façade. 
 
Due to its form, its geometry and the distribution of loads in this structural element, the apse is hardly 
reducible to a simple schematic mechanism. However, using some approximations, it was possible to 
identify the 1.1 C-Sisma mechanism. 
 
Mechanism 1.1 
 
Geometrical properties 
h1 Height 7.5m 
b1  Average thickness 0.80m 
Loads 
P Self-weight of the wall 129.49kN/m 
N1 Vertical load 1.0kN/m 
d1 Arm load of N1 0.40m 
N1 o Horizontal force 0.3kN/m 
Material properties 
 
σc (N\cm2) σt (N\cm2) ρ (kN/m3) 
Wall 700.0 70.0 22.0 
 
APSE
MECHANISM 1.1
Y
X
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 


 0.0988 
Linear Analysis 
The value obtained for the linear analysis was   0,0772, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Non Linear Analysis 
By performing a non-linear analysis, the value obtained was   0,1484, while the value 
correspondent to the Italian code is ∆  0,1567. The calculated value is close to the one 
prescribed, corresponding to 95.0% of the code value. 
 
Figure 102: Non-linear analysis of the mechanism 1.1 (overturning of the apse). 
Notes 
The unique external load applied to this structural element is the roof weight, as the internal roof 
is supported by the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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iii. Lateral Wall 
On the analysis of the lateral wall were considered three collapse mechanisms:  
• Mechanism 1.1, which is related with the overturning of the wall. 
• Mechanism 1.7, which is related with the overturning of a wall restrained in the upper part by a 
concrete beam. 
• Mechanism 1.18, similar to 1.7 but considering an effective connection between the concrete 
beam and the masonry. 
The analyses of these mechanisms are presented next along with the required specific parameters 
and the attained results. 
 
Figure 103: Lateral Wall. 
 
Mechanism 1.1 
 
Geometrical properties 
h1 Height 6.60m 
b1  Average thickness 0.90m 
Loads 
P Self-weight of the wall 128.20kN/m 
N1 Vertical load 13.0kN/m 
d1 Arm load of N1 0.45m 
Material properties 
 
σc (N\cm2) σt (N\cm2) ρ (kN/m3) 
Wall 700.0 70.0 22.0 
 
LATERAL WALL
MECHANISM 1.1
MECHANISM 1.7
MECHANISM 1.18
Y
X
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 


 0.1208 
Linear Analysis 
The value obtained for the linear analysis was   0,10, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Non Linear Analysis 
By performing a non-linear analysis, the value obtained was   0,1726, while the value 
correspondent to the Italian code is ∆  0,1394, so this mechanism is verified by the non-
linear analysis. 
 
Figure 104: Non-linear analysis of the mechanism 1.1 (overturning of the lateral wall). 
Notes 
The unique external load applied to this structural element is the roof weight, as the internal roof 
is supported by the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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Mechanism 1.7 
 
Geometrical properties 
h1 Height 6.60m 
b1  Average thickness 0.90m 
h2 Height of the beam 0.50m 
b2  Base of the beam 0.90m 
Loads 
P1 Self-weight of the wall 128.20kN/m 
P2 Self-weight of the beam 8.83KN/m 
N2 Vertical load 13.0kN/m 
d2 Arm load of N2 0.45m 
Material properties 
 
σc 
(N\cm2) 
σt 
 (N\cm2) 
ρ 
( kN/m3) 
Wall 700.0 70.0 22.0 
Beam 2000.0 200.0 20.0 
 
 


 0.1872 
Linear Analysis 
The value obtained for the linear analysis was   0,145, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Non Linear Analysis 
By performing a non-linear analysis, the value obtained was   0,2146, while the value 
correspondent to the Italian code is ∆  0,1249, so this mechanism is verified by the non-
linear analysis. 
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Figure 105: Non-linear analysis of the mechanism 1.7 (overturning of the lateral wall restrained by a 
concrete beam). 
Notes 
The unique external load applied to this structural element is the roof weight, as the internal roof 
is supported by the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
It was considered a friction coefficient between the concrete and the masonry of 0.30. 
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Mechanism 1.18 
 
Geometrical properties 
h1 Height 6.60m 
b1  Average thickness 0.90m 
h2 Height of the beam 0.50m 
b2  Base of the beam 0.90m 
Loads 
P1 Self-weight of the wall 128.20kN/m 
P2 Self-weight of the beam 8.83KN/m 
N2 Vertical load 13.0kN/m 
d2 Arm load of N2 0.45m 
Material properties 
 
σc 
(N\cm2) 
σt 
 (N\cm2) 
ρ 
( kN/m3) 
Wall 700.0 70.0 22.0 
Beam 2000.0 200.0 20.0 
 
 


 0.1921 
Linear Analysis 
The value obtained for the linear analysis was   0,149, which do not verify the Italian codes 
(Annex 11.C “Analisi dei Meccanismi locali di collasso in edifice esistenti in muratura”, from 
Ordinanza 3274). 
Notes 
The unique external load applied to this structural element is the roof weight, as the internal roof 
is supported by the two lateral walls. 
The geometrical values of this structural element presented on the previous table were attained 
by measuring directly on the available plants and validating them through in-situ measurement 
during the technical surveys. 
The self-weight of the wall was calculated automatically by the program based on its input 
geometrical and material properties. 
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It was considered a friction coefficient between the concrete and the masonry of 0.30. 
 
The next table (Table 2) shows the comparison between the calculated values for the considered 
mechanisms. 
Table 2 – Analysis of the collapse mechanisms for the S. Pietro church 
   
Non-linear analysis 
Mechanisms Collapse coefficient (c) Linear analysis (a*) du* ∆d % 
Apse Mec.1.1 0,0988 0,0772 0,1484 0,1567 KO (95%) 
Façade Mec.1.1 total 0,0884 0,0686 0,1611 0,1923 KO (84%) 
Façade Mec.1.1 partial 0,1604 0,1240 0,1673 0,1795 KO (93%) 
Façade Mec.4.1 0,3950 - - - - 
Wall Mec.1.1 0,1208 0,1000 0,1726 0,1394 OK 
Wall Mec.1.7 0,1872 0,1450 0,2146 0,1249 OK 
Wall Mec.1.18 0,1921 0,1490 - - - 
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6. CONCLUSIONS 
The work developed in the last months, following the earthquake, allowed to study its effects and to 
draw some conclusions about the damage in the surveyed monuments. 
The earthquake was very damaging in some of the monuments of the region, which were completely 
or partially destroyed, especially the ones located closer to the epicenter (around the city of L’Aquila). 
In L’Aquila municipality the highest percentage of the churches were declared unsafe, and show 
sometimes considerably high values for the damage index. Generally, with the increase of the 
distance to the epicenter the action became lower, as can be noticed by the examples in the Teramo 
province, in which only 15.0% of the churches surveyed were declared unsafe. However, in some 
cases located not so close to the epicenter, the effects were amplified due to the geological conditions 
of the site, mainly in the region of the Atterno Valley. Some of the most damaged villages are located 
in this area (Castelnuovo, Onna, San Gregorio and Poggio Picenze), which evidences the site 
amplification on soil deposits. The reverse is sometimes verified too, as in the case of the S. Pietro 
church, in Coppito, where the effects were not so damaging, what can probably be explained by 
attenuation effects due to the geological properties of the soil. 
From the statistcal analysis performed over the collected data, it was also possible to conclude that 
there are some mechanisms that are in general more easily activated in respect to others, which is the 
case of the mechanisms number 8, 9, 24 (central nave, lateral nave and chapel vaults), triumphal 
arch, dome and lantern. Conversely, in general the elements related with the roof (nave, transept and 
apse) and with the tower show lower percentages of activation. 
A general overview on the average damage index in each element, allows us to conclude that the 
elements 8, 15 and 26 (central nave vault, lantern and projections) have always a high level of 
damage. On the other hand, numbers 6 and 7 (shear mechanism in lateral walls and longitudinal 
response of the structure) present low levels of this ratio. The element number 8 (central nave vault) is 
then one of the most vulnerable elements found in the inspected churches, once it has the highest 
percentage of possible activated mechanism and also the highest average damage index. 
Regarding the survey form used during the inspections, it is obvious that they are a fundamental piece 
in the required work during the post-earthquake emergency period. They have been gradually 
updated, according to the objectives of their implementation and to the specific moment in which they 
are applied. In my opinion, the church’s survey form is nowadays well adapted and represents a good 
and effective instrument of work. The form related with palaces is not yet so well adjusted, due to the 
fact that it was the first time it was applied. It still needs to be updated, and probably to go threw a 
similar process of modifications and experiments, similar to the one which lead to the church’s survey 
in use nowadays. 
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The S. Pietro Apostolo church, in Coppito, was affected several times by earthquakes during its 
history. It has been destroyed and reconstructed, what can be easily noticed by the simple observation 
of its different spaces and different materials. Also the damage existent in the apse (repaired cracks 
that can be identifiable inside, in the frescoed wall) evidences that the church has been subjected to 
previous earthquakes. 
The general state of conservation of the church is very good, as it was repaired recently, and the 
masonry present in the different parts of the structure can be considered of good quality. 
Globally, the response of the church was satisfactory, with few activated mechanisms and a low global 
damage index, considering the proximity of the church to the epicenter. From the thirteen possibly 
activated mechanisms just seven were in fact activated. Only a small decorated stone near the bell 
veil and a small part of the vault of the sacristy collapsed. The rest of the church show some damage, 
but not severe. The sacristy, built recently, was the most affected area, showing cracks due to shear in 
two walls and considerable damage in the vault. Some damage was verified in the interaction between 
different types of materials, correspondent also to different types of constructive moments. Also 
noticeable are the cracks in the apses, which can be identified in the outside and in the inside, and 
represent the most “severe” situation found inside the church. 
Comparing the collapse coefficient of the calculated mechanisms (Figure 106), it is possible to 
conclude that the most vulnerable mechanism is the overturning of the façade, and the one that 
requires a higher collapse coefficient to be activated is the collapse of the upper right corner of the 
façade. 
 
Figure 106: Calculated values of the collapse coefficient for the considered mechanisms. 
 
The recorded values for the 6th April earthquake were in general higher than the ones necessary to 
activate most of these mechanisms. However, most of them were not activated, what can possibly be 
explained by soil effects. Apparently, the soil in the area where the church is located presents good 
properties in which concerns the earthquake effects attenuation, and was sufficient to avoid a 
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considerable damage in the church. By analyzing the visible damages on the church, it is possible to 
understand that the principal direction of the earthquake was the transversal one, reason why the 
mechanism related with the façade overturning was not activated. Also, it is necessary to refer that the 
value calculated by the program is very conservative, because it considers an isolated wall, ignoring 
other favorable aspects such as the connection with the perpendicular walls. 
The values obtained by the non-linear analysis, although not verifying the Italian code, are very close 
to these values (84.0% in the worst case), so it is possible to conclude that in general the church is in 
a good condition. 
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ANNEX 1 
 
“Scheda per il rilievo del danno ai beni culturali – Chiese” 
 
“Scheda per il rilievo del danno ai beni culturali – Palazzi” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                               
      Presidenza del Consiglio dei Ministri                                                                       Ministero       
  DIPARTIMENTO DELLA PROTEZIONE CIVILE                                                             per i Beni e le Attività Culturali 
 
GRUPPO DI LAVORO PER LA SALVAGUARDIA E LA PREVENZIONE  DEI BENI CULTURALI DAI RISCHI NATURALI 
 
 
SISMA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EMERGENZA  POST-SISMA 
 
SCHEDA PER IL RILIEVO DEL DANNO AI BENI CULTURALI – CHIESE 
 
  MODELLO  A – DC     
Prima  sezione  
A1 
Data  ff   ff   ffff N° progressivo     fff N° Scheda                  ffffff  (a cura dell’ufficio)
 
A2 – RIFERIMENTO VERTICALE 
Bene complesso                                                              ? Bene individuo                                                                     ? 
Denominazione bene complesso:               ffffffffffffffffffffffffff 
Numero schede beni componenti                                 ff Codice livello superiore            ffffffffff 
Tipologia ? chiesa    ? canonica    ? palazzo    ? castello    ? torre    ? bene archeologico    ? altro 
Pianta ? regolare        ? con cortili        ?  ad ali aperte       ?  lineare          ? altro   ffffffff 
 
A3 – LOCALIZZAZIONE GEOGRAFICO AMMINISTRATIVA 
Regione  ffffffffffffff Codice Istat comune 
Provincia ffffffffffffff ffffffff
Comune   ffffffffffffffffffffff 
Località    ffffffffffffffffffffff  
Sezione censuaria             fffff   N° complesso o aggregato       fffff  N° edificio           ffff  
Foglio          ffff Data ff ff ffff Particelle        fff   fff Sub.          ffff 
fffffffff 
fffffffff 
fffffffff 
num.civico            ffff 
Indirizzo 
1 ? via   
2 ? corso      
3 ? vicolo 
4 ? piazza 
5 ? località 
 
A4 – COORDINATE UTM 
Quadrante    ffff     Longitudine Est (x)   ff° ff’  Latitudine Nord(y) ff° ff’   ?   Lettura GPS 
 
A5 – OGGETTO 
Denominazione bene:          fffffffffffffffffffffffffffffff 
Denominazione storica:       fffffffffffffffffffffffffffffff 
Datazione:   anno   ffff    secolo ff    epoca fffffffff   Ultima trasformazioneffff 
Proprietà:         ffffffffffffffffffff ?         fffffffffff 
Utilizzatore:      ffffffffffffffffffff ?       fffffffffff 
 
 
 
1
  
A6 – DESTINAZIONE D’USO ATTUALE 
Utilizzazione temporale 
Uso 
Continuo Saltuario Non utilizzato Affollamento 
Cattedrale / Duomo   ? ? ? ? ? 
Chiesa parrocchiale ? ? ? ? ? 
Oratorio ? ? ? ? ? 
Santuario   ? ? ? ? ? 
Museo ? ? ? ? ? 
Auditorium ? ? ? ? ? 
Servizi ? ? ? ? ? 
Altro   fffffffffffff ? ? ? ? ? 
 
A7 – CARATTERISTICHE DEL SITO                                 
In piano      ? Su rilievo / su cresta / su vetta  ? Su riporto  ? In pendio / su versante  ? Avvallamento ?
 
A8 –  CONTESTO URBANO E POSIZIONE 
Centro urbano  ? Periferia urbana  ? Area industriale - commerciale ? Area agricola ?  Centro storico   ?
 
Isolata             ? Connessa con altri edifici     ?       su   ff   lati  Altro        ? ………………………….……………………………………………….
 
A9  – INFRASTRUTTURE     
Accesso pedonale ? Rete viaria idonea  in relazione al rischio ? 
Accesso carrabile ? Parcheggio nelle vicinanze ? 
Accesso con altezza inferiore a 4 metri                     ? Spazi aperti a disposizione ? 
Accesso con mezzi pesanti ? Altro  ?    fffffffffffffffff 
 
A10 – PRESENZA DI RISCHIO 
 RILEVAZIONE DIRETTA INFORMAZIONI ACQUISITE 
Insediamento minacciato da frana ? ? ? 
Insediamento in zona alluvionabile ? ? ? 
Insediamento soggetto a minacce di tipo industriale ? ? ? 
Insediamento soggetto ad altre minacce naturali ? ? ? 
 
 
A11 – TIPOLOGIA DEI BENI ARTISTICI PRESENTI 
TIPOLOGIA    
2
Num. superficie 
Affreschi ? 
TIPOLOGIA        Num. superficie
ff fff 
Mosaici ? 
? Dipinti mobili su vario supporto ff fff 
ff fff 
Stucchi ? 
? Arredi (soffitti, amboni, pulpito, stalli corali) ff fff 
ff fff 
Arazzi ? 
? Decorazioni plastiche mobili  ff fff 
ff fff 
Altari / statue   ? 
? Manufatti in carta e pergamena ff fff 
ff fff 
Libri / Stampe ? 
? Reperti archeologici ff fff 
ff fff 
 
? Altri   ………………………………………………………………………….. ff fff 
 
A12 –  DOCUMENTAZIONE FOTOGRAFICA  - Realizzata da ………………………………………………………..……………………… SI  ?   NO  ?
 
A13 – COMPILATORE SCHEDA 
Cognome        ffffffffffffffffff     Nome     fffffffffffff 
Ente/ufficio di appartenenza        fffffffffffffffffffffffffffff 
?fffffffffff E-Mail: ……………………………………………………………………………………………………………………………………………………………….
 
  
 
 
 
 MODELLO  A – DC     
Seconda  sezione 
 
A14  - RIFERIMENTO SCHEDA DELLA VULNERABILITA’ DELLE CHIESE  
N° Scheda ffffff Data   ff  ff  ffff Ente  ffffffffffffffff 
 
A15 - STATO DI MANUTENZIONE GENERALE 
Buono  ? Discreto              ? Scadente  ? Pessimo              ? In corso lavori          ?
Limitate   ?         Estese  ?          Gravi    ? Eventuali precedenti lesioni esistenti     NO ?         SI ? 
 
A16  - DANNO SISMICO (Abaco dei meccanismi di collasso delle chiese) 
LIVELLO DI DANNO                                                                                                                                                            IDENTIFICAZIONE DEL DANNO 
?  danno sismico 0 - ?????  assenza di danno  1 - ?????  danno lieve              2 - ?????  danno moderato      
5 - ?????  crollo                    ?  danno pregresso     3 - ?????  danno grave           4 - ?????  danno molto grave  
?  aggravamento                      
 
1 RIBALTAMENTO DELLA FACCIATA ? 
danno DISTACCO DELLA FACCIATA DALLE PARETI O EVIDENTI FUORI PIOMBO ????? 
2 MECCANISMI NELLA SOMMITÀ DELLA FACCIATA ? 
danno RIBALTAMENTO DEL TIMPANO, CON LESIONE ORIZZONTALE O A V – DISGREGAZIONE DELLA MURATURA 
O SCORRIMENTO DEL CORDOLO – ROTAZIONE DELLE CAPRIATE ????? 
? MECCANISMI NEL PIANO DELLA FACCIATA 3 
danno LESIONI INCLINATE (TAGLIO) – LESIONI VERTICALI O ARCUATE (ROTAZIONE) − ALTRE FESSURAZIONI O 
SPANCIAMENTI  ????? 
4 PROTIRO – NARTECE ? 
danno LESIONI NEGLI ARCHI O NELLA TRABEAZIONE PER ROTAZIONE DELLE COLONNE – DISTACCO DALLA 
FACCIATA – MARTELLAMENTO    ????? 
5 RISPOSTA TRASVERSALE DELL’AULA ? 
danno LESIONI NEGLI ARCONI (CON EVENTUALE PROSECUZIONE NELLA VOLTA) – ROTAZIONI DELLE PARETI 
LATERALI – LESIONI A TAGLIO NELLE VOLTE – FUORI PIOMBO E SCHIACCIAMENTO NELLE COLONNE ????? 
6 MECCANISMI DI TAGLIO NELLE PARETI LATERALI (RISPOSTA LONGITUDINALE) ? 
danno LESIONI INCLINATE (SINGOLE O INCROCIATE) – LESIONI IN CORRISPONDENZA DI DISCONTINUITÀ NELLA 
MURATURA ?????
7 RISPOSTA LONGITUDINALE DEL COLONNATO NELLE CHIESE A PIÙ NAVATE ? 
danno LESIONI NEGLI ARCHI O NEGLI ARCHITRAVI LONGITUDINALI – SCHIACCIAMENTO E/O LESIONI ALLA BASE 
DEI PILASTRI – LESIONI A TAGLIO NELLE VOLTE DELLE NAVATE LATERALI ?????
8 VOLTE DELLA NAVATA CENTRALE ? 
danno LESIONI NELLE VOLTE DELL’AULA CENTRALE – SCONNESSIONI DELLE VOLTE DAGLI ARCONI ????? 
9 VOLTE DELLE NAVATE LATERALI  ? 
danno LESIONI NELLE VOLTE O SCONNESSIONI DAGLI ARCONI O DALLE PARETI LATERALI ????? 
10 RIBALTAMENTO DELLE PARETI DI ESTREMITÀ DEL TRANSETTO  ? 
danno DISTACCO DELLA PARETE FRONTALE DALLE PARETI LATERALI – RIBALTAMENTO O DISGREGAZIONI DEL 
TIMPANO IN SOMMITÀ ????? 
11 MECCANISMI DI TAGLIO NELLE PARETI LATERALI DEL TRANSETTO  ? 
danno LESIONI INCLINATE (SINGOLE O INCROCIATE) – LESIONI ATTRAVERSO DISCONTINUITÀ ????? 
12 VOLTE DEL TRANSETTO  ? 
danno LESIONI NELLE VOLTE O SCONNESSIONI DAGLI ARCONI E DALLE PARETI LATERALI ?????
13 ARCHI TRIONFALI  ? 
danno LESIONI NELL’ARCO – SCORRIMENTO DI CONCI – SCHIACCIAMENTO O LESIONI ORIZZONTALI ALLA BASE 
DEI PIEDRITTI                  ????? 
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14 CUPOLA – TAMBURO/TIBURIO ? 
danno LESIONI NELLA CUPOLA (AD ARCO) CON EVENTUALE PROSECUZIONE NEL TAMBURO              ????? 
15 LANTERNA ? 
danno LESIONI NEL CUPOLINO DELLA LANTERNA – ROTAZIONI O SCORRIMENTI DEI PIEDRITTI              ????? 
16 RIBALTAMENTO DELL’ABSIDE ? 
danno LESIONI VERTICALI O ARCUATE NELLE PARETI DELL’ABSIDE – LESIONI VERTICALI NEGLI ABSIDI 
POLIGONALI – LESIONE AD U NEGLI ABSIDI SEMICIRCOLARI ????? 
17 MECCANISMI DI TAGLIO NEL PRESBITERIO O NELL’ABSIDE ? 
danno LESIONI INCLINATE (SINGOLE O INCROCIATE) – LESIONI IN CORRISPONDENZA DI DISCONTINUITÀ 
MURARIE ????? 
18 VOLTE DEL PRESBITERIO O DELL’ABSIDE ? 
danno LESIONI NELLE VOLTE O SCONNESSIONI DAGLI ARCONI O DALLE PARETI LATERALI ????? 
19 MECCANISMI NEGLI ELEMENTI DI COPERTURA – PARETI LATERALI DELL’AULA ? 
danno LESIONI VICINE ALLE TESTE DELLE TRAVI LIGNEE, SCORRIMENTO DELLE STESSE – SCONNESSIONI TRA 
CORDOLI E MURATURA – MOVIMENTI SIGNIFICATIVI DEL MANTO DI COPERTURA    ?????
20 MECCANISMI NEGLI ELEMENTI DI COPERTURA – TRANSETTO ? 
danno LESIONI VICINE ALLE TESTE DELLE TRAVI LIGNEE, SCORRIMENTO DELLE STESSE – SCONNESSIONI TRA I 
CORDOLI E MURATURA – MOVIMENTI SIGNIFICATIVI DEL MANTO DI COPERTURA ?????  
21 MECCANISMI NEGLI ELEMENTI DI COPERTURA – ABSIDE E PRESBITERIO ? 
danno LESIONI VICINE ALLE TESTE DELLE TRAVI LIGNEE, SCORRIMENTO DELLE STESSE – SCONNESSIONI TRA I 
CORDOLI E MURATURA – MOVIMENTI SIGNIFICATIVI DEL MANTO DI COPERTURA ?????  
22 RIBALTAMENTO DELLE CAPPELLE ? 
danno DISTACCO DELLA PARETE FRONTALE DALLE PARETI LATERALI     ????? 
23 MECCANISMI DI TAGLIO NELLE PARETI DELLE CAPPELLE ? 
danno LESIONI INCLINATE (SINGOLE O INCROCIATE) – LESIONI IN CORRISPONDENZA DI DISCONTINUITÀ 
MURARIE    ????? 
24 VOLTE DELLE CAPPELLE ? 
danno LESIONI NELLE VOLTE O SCONNESSIONI DALLE PARETI LATERALI ????? 
25 INTERAZIONI IN PROSSIMITÀ DI IRREGOLARITÀ PLANO-ALTIMETRICHE (CORPI ADIACENTI, ARCHI RAMPANTI) ? 
danno MOVIMENTO IN CORRISPONDENZA DI DISCONTINUITÀ COSTRUTTIVE - LESIONI NELLA MURATURA PER 
MARTELLAMENTO ????? 
? 26 AGGETTI (VELA, GUGLIE, PINNACOLI, STATUE) 
????? danno EVIDENZA DI ROTAZIONI PERMANENTI O SCORRIMENTO – LESIONI 
? 27 TORRE CAMPANARIA 
danno LESIONI VICINO ALLO STACCO DAL CORPO DELLA CHIESA – LESIONI A TAGLIO O SCORRIMENTO – LESIONI VERTICALI O ARCUATE (ESPULSIONE DI UNO O PIÙ ANGOLI) ????? 
? 28 CELLA CAMPANARIA 
danno LESIONI NEGLI ARCHI – ROTAZIONI O SCORRIMENTI DEI PIEDRITTI ????? 
 
 
A17 - INDICE DI DANNO 
 n = ff (numero dei meccanismi possibili)    d = ff (punteggio totale di danno)    id = d / 5n =    ff 
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A18  - AGIBILITA' 
Agibile                       ? Inagibile                           ?   
    
Parzialmente Agibile  ? Agibile con Provvedimenti ? Temporaneamente Inagibile  ? Inagibile per cause Esterne?
5
Indicare le parti agibili 
 
Segnalare i provvedimenti anche 
indicandoli nella tabella 
sottostante 
?   Verifica più accurata                 
?   Si consiglia visita di esperti        
? Altro                        
Indicare le cause esterne 
 
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
…………………………………………………… 
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
………………………………………………….……… 
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………….… 
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
…………………………………………..………………… 
 
A19 – TIPO DI VISITA 
Completa              ? Parziale                 ? Solo dall’esterno     ? Motivi ostativi ………………………………………………..……….……………………. 
 
A20  - PROVVEDIMENTI DI P.I. SUGGERITI   (* interventi limitati     ** interventi estesi) 
 PROVVEDIMENTI * **  PROVVEDIMENTI * **
1 Revisione manto di copertura ? ? 8 Ripristino smaltimento delle acque meteoriche ? ? 
2 Copertura provvisoria ? ? ?Monitoraggio 9 ?
3 Puntellamenti  ? ? 10 Protezioni o consolidamenti su opere d'arte fisse ? ?
4 Rimozione delle macerie ? ? 11 Catalogazione e smontaggio delle parti pericolanti ? ?
5 Transennamenti / recinzioni / protezioni ? ? 12 Sgombero opere d'arte mobili ? ?
6 Consolidamenti localizzati ? ? 13 Raccolta sistematica dei frammenti ? ?
7 Messa in opera di cerchiatura e/o tiranti ? ? 14 Ricovero e protezione dei frammenti ? ?
 
A21 - DANNI ALL'APPARATO DECORATIVO E ALLE OPERE D’ARTE (scheda dettagliata a parte) 
A21.1 - Descrizione apparato decorativo o opera d’arte 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
A21 .2 - Descrizione danno  
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
A21.3 - Provvedimenti provvisionali sugli apparati decorativi e sgombero opere d’arte mobili  
         SI CONSIGLIA INTERVENTO STORICO DELL’ARTE      ? 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO PER LA SALVAGUARDIA DELLE OPERE D’ARTE 
                                                                                      €                               fff fff ,00 
 
 
  
 A22  - DESCRIZIONE E STIMA SOMMARIA DELLE OPERE NECESSARIE 
A22.1 - Descrizione opere di ripristino strutturale  (nuovi danni e danni pregressi aggravati) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO PER IL RIPRISTINO STRUTTURALE   
                                 €                   fff fff fff ,00   
A22.2 - Descrizione opere di finitura, impiantistica e miglioramento sismico collegate 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO OPERE FINITURA IMPIANTISTICA E MIGLIORAMENTO SISMICO  
                                 €                  fff fff fff ,00  
A22.3 - Descrizione opere di pronto intervento  (eventualmente indicare anche il costo del P.I. “a finire”) 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO OPERE DI PRONTO INTERVENTO     
                                   €                                 fff fff ,00  
 
A23  - NOTE 
Indicare, eventualmente, altri danni non rilevabili dalla scheda  (es. solai di calpestio, pavimentazioni  ecc.)      
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……… 
 
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….………… 
 
……………………………………………………………………………………………………………………………………………………………………………………………………..……………………………………………………..…… 
 
…………………………………………………………………………………………………..………………………………………………………………………………………………………………………………………………………..…… 
 
..………………………………………………………………………………………………………………………………………………………………..…………………………………………………………………………………….………… 
 
………………………………………………………………..………………………………………………………………………………………………………………………………………………………………..…………………….………… 
 
………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………………………… 
 
……………………………..………………………………………………………………………………………………………………………………………………………………………………………………………………………….……….. 
 
A24 - DATI DIMENSIONALI  ( stimati ?           rilevati ? ) 
Aula (compresi navate,  
cappelle,  transetti) 
Larghezza  Lunghezza 
mt.            fff 
Superficie 
mq.        ffff 
Altezza media 
mt.               fff mt.           fff  
Abside Larghezza  
mt.               fff 
Lunghezza 
mt.            fff 
Superficie 
mq.        ffff 
Altezza media 
mt.           fff 
Facciata principale Larghezza  
mt.               fff 
Altezza  
mt.            fff 
Superficie 
mq.        ffff 
 
Campanile Larghezza  
mt.               fff 
Lunghezza 
mt.            fff 
 Altezza  
mt.           fff 
Coperture chiesa Larghezza  
mt.               fff 
Lunghezza 
mt.            fff 
Superficie 
mq.        ffff 
Altezza massima 
mt.           fff 
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A25 - ELABORATI GRAFICI (piante, sezioni, prospetti, illustrazione di dissesti particolari, allegare eventualmente fotocopie) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A26 –  DOCUMENTAZIONE ALLEGATA SI ?      NO ?
 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………. 
 
A27 -  SQUADRA CHE HA ESEGUITO IL RILIEVO 
SISMA C.O.M. SQUADRA N.  
Componenti della squadra  
Cognome e nome Qualifica Ente appartenenza Firma 
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ABACO DEI MECCANISMI DI COLLASSO DELLE CHIESE 
1. RIBALTAMENTO DELLA FACCIATA 
     
2. MECCANISMI NELLA SOMMITÀ DELLA FACCIATA 
     
3. MECCANISMI NEL PIANO DELLA FACCIATA 
    
4 - PROTIRO E NARTECE 
 
5 - RISPOSTA TRASVERSALE DELL’AULA 
 
6 - MECCANISMI DI TAGLIO PARETI LATERALI  
       
7 - RISPOSTA LONGITUDINALE DEL COLONNATO 
 
8 - VOLTE DELL’AULA O DELLA NAVATA CENTRALE 
     
9 - VOLTE DELLE NAVATE LATERALI 
 
10 - RIBALTAMENTO PARETI DEL TRANSETTO 
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11 - MECCANISMI DI TAGLIO DEL TRANSETTO 12 - VOLTE DEL TRANSETTO 
      
13 - ARCHI TRIONFALI 
 
14 - CUPOLA E TAMBURO / TIBURIO 
     
15 – LANTERNA 16 - RIBALTAMENTO DELL’ABSIDE 
17 - MECCANISMI DI TAGLIO NELL’ABSIDE 
    
18 - VOLTE DEL PRESBITERIO O DELL’ABSIDE 
        
19 – ELEMENTI DI COPERTURA: AULA 
    
20 - ELEMENTI DI COPERTURA: TRANSETTO 
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21 - ELEMENTI DI COPERTURA: ABSIDE 
 
22 - RIBALTAMENTO DELLE CAPPELLE 
 
23 - MECCANISMI DI TAGLIO NELLE CAPPELLE 
      
24 - VOLTE DELLE CAPPELLE 
 
25 - INTERAZIONI IN PROSSIMITA’ DI IRREGOLARITÀ 
 
26 - AGGETTI (VELA, GUGLIE, PINNACOLI, STATUE) 
 
27 - TORRE CAMPANARIA 
    
28 - CELLA CAMPANARIA 
      
Modello A-DC  PCM-DPC MiBAC  2006 
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     Presidenza del Consiglio dei Ministri                                                                         Ministero       
  DIPARTIMENTO DELLA PROTEZIONE CIVILE                                                             per i Beni e le Attività Culturali 
 
GRUPPO DI LAVORO PER LA SALVAGUARDIA E LA PREVENZIONE  DEI BENI CULTURALI DAI RISCHI NATURALI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EMERGENZA  POST-SISMA 
 
SCHEDA PER IL RILIEVO DEL DANNO AI BENI CULTURALI - PALAZZI 
 
 
  MODELLO  B - DP   
Prima  sezione  
B1 
Data  ff   ff   ffff N° progressivo     fff N° Scheda                ffffff  (a cura dell’ufficio)
B2 –  RIFERIMENTO VERTICALE 
Bene complesso                                                           Bene individuo                                                            
Denominazione:      ffffffffffffffffffffffffffffffffff
Numero schede beni componenti                                    ff Codice livello superiore                                   ffff 
Tipologia  canonica   palazzo   castello   torre    bene archeologico     altro  fffffffff 
Pianta regolare     con cortili     ad ali aperte      lineare   altro   fffffffffffff 
B3 –  LOCALIZZAZIONE GEOGRAFICO AMMINISTRATIVA 
Regione  ffffffffffffff Codice Istat comune 
Provincia ffffffffffffff ffffffff
Comune   ffffffffffffffffffffff 
Località    ffffffffffffffffffffff  
Sezione censuaria             fffff   N° complesso o aggregato       fffff  N° edificio           ffff  
Foglio          ffff Data ff ff ffff Particelle        fff   fff Sub.          ffff 
B4 – COORDINATE UTM 
Quadrante    ffff  Longitudine Est (x)   ff° ff’ Latitudine Nord(y) ff° ff’      Lettura GPS 
B5 – OGGETTO 
Denominazione bene   fffffffffffffffffffffffffffffff
Denominazione storica   fffffffffffffffffffffffffffffff
Datazione anno  ffff   secolo fff     epoca   fffffff    Ultima trasformazione   ffff
Proprietà fffffffffffffffffffff        fffffffffff 
Utilizzatore  fffffffffffffffffffff         fffffffffff
 
 
 
SISMA 
 
 
Indirizzo 
1  via   
2  corso      
3  vicolo 
4  piazza 
5  località 
fffffffff 
fffffffff 
fffffffff 
num.civico            ffff 
  
2
B6 –  DESTINAZIONE D’USO ATTUALE 
Utilizzazione spaziale [%] Utilizzazione temporale Esposizione 
Uso N° unità d’uso >65 30÷65 < 30 0 Continuo Saltuario Non utilizzato N° occupanti Affollamento
Abitazione  fff        ffff  
Commerciale  fff        ffff  
Museo  fff        ffff  
Uffici  fff        ffff  
Servizi  fff        ffff  
Strategico  fff        ffff  
Altro  fff        ffff  
B7 – CARATTERISTICHE DEL SITO                                 
In piano     Su rilievo / su cresta / su vetta  Su riporto  In pendio / su versante  Avvallamento 
B8 –  CONTESTO URBANO E POSIZIONE 
Centro urbano   Periferia urbana   Area industriale - commerciale  Area agricola   Centro storico   
 
Isolato              Connesso con altri edifici            su   ff   lati  Altro         ………………………….……………………………………………….
B9 –  INFRASTRUTTURE                                       
Accesso pedonale  Rete viaria idonea  in relazione al rischio  
Accesso carrabile  Parcheggio nelle vicinanze  
Accesso con altezza inferiore a 4 metri  Spazi aperti a disposizione  
Accesso con mezzi pesanti  Altro      ffffffffffffffff 
B10 – PRESENZA DI RISCHIO 
 RILEVAZIONE DIRETTA INFORMAZIONI ACQUISITE 
Insediamento minacciato da frana    
Insediamento in zona alluvionabile    
Insediamento soggetto a minacce di tipo industriale    
Insediamento soggetto ad altre minacce naturali    
B11 –  TIPOLOGIA DEI BENI ARTISTICI PRESENTI 
TIPOLOGIA    Num. superficie 
Affreschi  ff fff 
Mosaici  ff fff 
Stucchi  ff fff 
Arazzi  ff fff 
Altari / statue    ff fff 
Libri / Stampe  ff fff 
 
 B12 –  DOCUMENTAZIONE FOTOGRAFICA – Realizzata da  …………………………………………………………..……….      SI         NO   
B13 –  COMPILATORE SCHEDA 
Cognome        fffffffffffffffffff  Nome     fffffffffffff 
Ente/ufficio di appartenenza      ffffffffffffffffffffffffffffff
ffffffffffff E-Mail: …………………………………………………………………………………………………………………………………………………….. 
 
TIPOLOGIA        Num. superficie
Dipinti mobili su vario supporto  ff fff
Arredi (soffitti, amboni, pulpito, stalli corali)  ff fff
Decorazioni plastiche mobili   ff fff
Manufatti in carta e pergamena  ff fff
Reperti archeologici  ff fff
Altri   …………………………………………………………………………..  ff fff
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  MODELLO  B - DP   
Seconda  sezione  
 
B14  - RIFERIMENTO SCHEDA DELLA VULNERABILITA’ DEI PALAZZI 
N° Scheda ffff Data   ff  ff  ffff Ente   ffffffffffffffff
B15 –  STATO DI MANUTENZIONE GENERALE 
 Buono Discreto Scadente Pessimo Lavori in corso  
Strutture verticali      
Strutture orizzontali      
Copertura      
B16 –  INTERVENTI  
Ampliamento                      Sopraelevazione              Manutenzione straordinaria    Consolidamento             
 
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
………………………………………………………… 
 
…………………………………………………………
…………………………………………………………
…………………………………………………………
…………………………………………………………
…………………………………………………………
…………………………………………………………
…………………………………………………………
…………………………………………………..…… 
 
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
…………………………………………………………………
………………………………………………………………… 
 
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
…………………………….………………………… 
B17 – REGOLARITA’,  FORMA PLANIMETRICA E DATI DIMENSIONALI 
 Regolare Non regolare   rettangolare     rett. allungata    a L    
Pianta                    
FORMA IN 
PIANTA            a C    a corti    altro  
 
Elevazione                    
Presenza di    porticati   logge    cavedii    atrio
Disposizione muri interni         
 
Disposizione aperture           
 
Discontinuità costruttive e del materiale                                
 
 
DATI DIMENSIONALI Stimati                    rilevati                   
Piani fuori terra 
f
 Larghezza media 
 
 
m.          fff   
Lunghezza media 
 
 
m.          fff 
Superficie media in pianta 
 
 
m 2.           ffff 
Altezza media in gronda 
 
 
m.               fff 
Piani interrati 
f
B18 – EIDOTIPO E SUDDIVISIONE IN ELEMENTI 
SUDDIVISIONE IN AREE 
 
 
 
 
 
 
 
 
 
  
INDIVIDUAZIONE COPERTURE 
 
 
 
 
 
 
 
 
 
 
Area f f f f  
Sup.[m2] fff fff fff fff Copertura f f f f 
N° piani ff ff ff ff 
INDIVIDUAZIONE CORPI SCALA E  
CORPI ANNESSI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N° totale corpi scala: fff 
N° totale corpi annessi: fff 
Sup.[m2] fff fff fff fff
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SCHEMATIZZAZIONE DELLA PLANIMETRIA E DELLA SEZIONE                                                                                                          ORIENTAMENTO 
(E’ possibile utilizzare anche fotocopie di planimetrie, sezioni e prospetti, 
Indicando, comunque, la numerazione dei diversi elementi della costruzione)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
X 
Y 
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 B19   –  RILIEVO DEL DANNO AGLI ELEMENTI STRUTTURALI 
TIPOLOGIA MURARIA DESCRIZIONE 
A PIETRA SQUADRATA  
B PIETRA SBOZZATA  
C PIETRA A SPACCO  
D MATTONI  
E IRREGOLARE, CIOTTOLI, MISTA  
F ALTRO  
 
PARETI PERIMETRALI 
TIPOLOGIA E PARAMETRI DIMENSIONALI DANNO (LIVELLO ED ESTENSIONE) 
APERTURE  D1 LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N
° 
 P
A
R
E
T
E
 
LI
B
E
R
A
 
P
A
R
Z.
 L
IB
E
R
A
 
I N
 A
G
G
R
EG
AT
O
 
un
ifo
rm
i 
di
sc
on
tin
ue
 
as
se
nt
i LUNGHEZZA 
[m] 
SPESSORE 
[m] 
TIPOLOGIA 
MURARIA 
(A ÷ F DI B19)
P
R
E
S
E
N
Z
A
 D
I C
O
R
D
O
LI
 
/ C
A
T
E
N
E
 
P
A
R
E
TI
 IN
TE
R
N
E 
O
R
TO
G
O
N
AL
I 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
 
PORTICATI / LOGGE / ATRI 
TIPOLOGIA E PARAMETRI DIMENSIONALI DANNO (LIVELLO ED ESTENSIONE) 
TIPOLOGIA STRUTTURALE D1 LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N
° 
 P
A
R
E
T
E
 
PIANI  LUNGHEZZA [m] muratura c.a. legno acciaio 
PRESENZA DI 
CATENE 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                  
                  
                  
                  
                  
                  
                  
                  
                  
                  
 
PARETI INTERNE 
TIPOLOGIA E PARAMETRI 
DIMENSIONALI 
DANNO (LIVELLO ED ESTENSIONE) 
LUNGHEZZA 
[m] 
SPESSORE 
[m] 
D1 
LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N
° 
 A
R
E
A
 
x y x y 
TIPOLOGIA  
MURARIA 
(A ÷ F DI B19) 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                 
                
                
                
               
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CORPI SCALA 
TIPOLOGIA E PARAMETRI DIMENSIONALI DANNO (LIVELLO ED ESTENSIONE) 
TIPOLOGIA STRUTTURALE D1 LEGGERO  
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N° 
N° 
AREA PIANI SUPERFICIE  [m2] 
muratura c.a. legno acciaio >2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                  
                  
                  
                  
                  
                  
 
ORIZZONTAMENTI 
TIPOLOGIA E PARAMETRI DIMENSIONALI DANNO (LIVELLO ED ESTENSIONE) 
TIPOLOGIA [%] D1 LEGGERO  
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N°  
AREA SUPERFICIE  
[m2] 
H INTERPIANO 
[m] legno volte c.a. acciaio >2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                 
                 
                 
                 
                 
                 
 
COPERTURE 
TIPOLOGIA E PARAMETRI DIMENSIONALI DANNO (LIVELLO ED ESTENSIONE) 
TIPOLOGIA SPINGENTE DESCRIZIONE D1 LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO 
N°   SUPERFICIE 
[m2] 
c.
a.
 
le
gn
o 
ac
ci
ai
o 
si no 
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
                 
                 
                 
                 
                 
 
BALCONI / ELEMENTI AGGETTANTI 
DANNO (LIVELLO ED ESTENSIONE) 
D4 – D5 
GRAVISSIMO 
D2 – D3 
MEDIO GRAVE 
D1 
LEGGERO N° 
TOTALE 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
            
ELEMENTI SVETTANTI 
DANNO (LIVELLO ED ESTENSIONE) 
D1 
LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMON° 
TOTALE 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
            
 
CORPI ANNESSI 
TIPOLOGIA E PARAMETRI 
DIMENSIONALI   
DANNO (LIVELLO ED ESTENSIONE) 
D1 
LEGGERO 
D2 – D3 
MEDIO GRAVE 
D4 – D5 
GRAVISSIMO N°   
SUPERFICIE [m2] PRESENZA DI 
CATENE 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
>2
/3
 
1/
3 
– 
2/
3 
<1
/3
 
N
U
LL
O
 
             
             
             
             
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B20–   RILIEVO DEL DANNO AGLI ELEMENTI NON STRUTTURALI 
I COMIGNOLI II CORNICIONI III STATUE O AGGETTI IV RIVESTIMENTI O  
CONTROSOFFITTI RECENTI 
V RETE IDRICA , FOGNARIA O 
TERMOIDRAULICA VI RETE ELETTRICA O DEL GAS VII ALTRO………………………………..…….. VIII ALTRO…………………………………………….
LIVELLO DI DANNO                     IDENTIFICAZIONE DEL DANNO  
0 -   assenza di danno  1 - ?  danno lieve              2 - ??  danno moderato      
3 - ???  danno grave           4 - ????  danno molto grave  5 - ?????  crollo                    
  A -  danno sismico 
  B -  danno pregresso     
  C -  aggravamento                 
 
PROVVEDIMENTI DI P.I. SUGGERITI ELEMENTI 
DANNEGGIATI Livello di danno p LOCALIZZAZIONE PUNTELLAMENTI RIPARAZIONE TRANSENNATURE ALTRO 
      f      
      f      
      f      
      f      
      f      
 
NOTE………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………
B21 –   PERICOLO ESTERNO 
PERICOLO SU  PROVVEDIMENTI DI P.I. SUGGERITI 
CAUSA POTENZIALE  
EDIFICIO VIA D’ACCESSO DIVIETO DI ACCESSO TRANSENNE E PROTEZIONE PASSAGGI
CROLLI O CADUTE DA ALTRE COSTRUZIONI     
ROTTURA DI RETI DI  SERVIZI/DISSESTI     
B22 –   DISSESTI DI VERSANTE O DEL TERRENO DI FONDAZIONE 
 ASSENTI PREESISTENTI GENERATI DAL SISMA ACUITI DAL SISMA 
VERSANTI INCOMBENTI     
TERRENO DI FONDAZIONE     
B23  – MECCANISMI DI COLLASSO STRUTTURALI 
TIPOLOGIA n CODICE MECCANISMO 
M1  RIBALTAMENTO DELLE PARETI 
M2  INSTABILITÀ VERTICALE DELLE PARETI 
M3  ROTTURA A FLESSIONE DELLE PARETI 
M4  RIBALTAMENTO DEL CANTONALE 
M5  TAGLIO NELLE PARETI ESTERNE: MASCHI 
PARETI PERIMETRALI ff 
M6  TAGLIO NELLE PARETI ESTERNE: ARCHITRAVI E MURATURA SOPRASTANTE
PARETI INTERNE 2xff M7  TAGLIO NELLE PARETI INTERNE 
GLOBALE ⌧ M8  SCORRIMENTO DI PIANO 
PORTICATI / LOGGE  M9  DANNO AI PORTICATI / LOGGE 
M10  SFILAMENTO TESTA DELLE TRAVI E/O MARTELLAMENTO 
M11  COLLASSI LOCALI DELL’IMPALCATO O DELLA VOLTA 
M12  DANNO ALLE VOLTE PER ROTAZIONE DELLE IMPOSTE ORIZZONTAMENTI ff 
M13  DANNO ALLE VOLTE PER DEFORMAZIONE DI PIANO 
SCALE ff M14  DANNO ALLE SCALE 
M15  DANNO NEGLI ELEMENTI DI COPERTURA 
M16  DANNO AL MANTO DI COPERTURA COPERTURE ff 
M17  RIBALTAMENTO DELLE FASCE SOTTOTETTO E TIMPANO 
ELEMENTI AGGETTANTI / SVETTANTI  M18  DANNO AGLI ELEMENTI AGGETTANTI / SVETTANTI 
COLLASSI LOCALI  M19  COLLASSI LOCALI PER IRREGOLARITA’ COSTRUTTIVE E DEL MATERIALE 
 M20  DANNO PER IRREGOLARITÀ DI FORMA 
ff M21  DANNO NEI CORPI ANNESSI INTERAZIONI 
⌧ M22  CEDIMENTO DI FONDAZIONI 
 M23  ………………………………………………………………………………………………….…………………………………………
ALTRO  M24  ………………………………………………………………………………………………….…………………………………………… 
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B23.1  -  LIVELLO DI ATTIVAZIONE RISPETTO AL COLLASSO                                                  IDENTIFICAZIONE DEL LIVELLO DI ATTIVAZIONE  
0 -   assente         1 - ?  lieve              2 - ??  moderato      
3 - ???  grave            4 - ????  molto grave   5 - ?????  crollo             
  A - danno sismico 
  B - danno pregresso     
  C - aggravamento                       
 
RISCHIO PROVVEDIMENTI DI P.I. SUGGERITI 
N
° P
R
O
G
R
ES
S
IV
O
 
C
O
D
IC
E 
M
EC
C
A
N
IS
M
O
 
ARE
A PIANI 
ELEMENTI 
INTERESSATI 
SE
C
O
N
D
A
IO
 
LIVELLO DI 
ATTIVAZIONE 
RISPETTO AL 
COLLASSO 
P 
B
A
S
S
O
 
B
A
S
S
O
 C
O
N
 
P
R
O
VV
ED
IM
EN
TI
 
AL
TO
 
C
ER
C
H
IA
TU
R
E 
TI
R
AN
TI
 
P
U
N
TE
LL
I 
TA
M
P
O
N
A
TU
R
E
 
R
IP
A
R
A
ZI
O
N
I 
R
IM
O
ZI
O
N
I 
TR
A
N
S
EN
N
A
TU
R
E
 
PR
O
TE
ZI
O
N
I 
A
LT
R
O
 
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
           f            
B23.2  - INDICE DI DANNO 
  n = ff    
(numero dei meccanismi possibili)   
d = ff    
(somma dei livelli di attivazione nei meccanismi primari)     id = d / 5n = f , ff 
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B24 –  AGIBILITA' 
Agibile                       Inagibile                             
    
Parzialmente Agibile    Agibile con Provvedimenti  Temporaneamente Inagibile  Inagibile per cause Esterne
Indicare le parti agibili 
 
 
Segnalare i provvedimenti  
 
  Verifica più accurata                  
  Si consiglia visita di esperti 
  Altro 
Indicare le cause esterne 
……………………………………………………
……………………………………………………
………………………………………………..… 
………………………………………………..… 
………………………………………………..… 
……………………………………………………………
……………………………………………………………
……………………………….…………………………… 
…………………………………………………………..… 
…………………………………………………………..… 
…………………………………………………………………
…………………………………………………………………
………………………………………………………………… 
…………………………………………..…………………..… 
……………………………………………………..………..… 
……………………………………………………………
……………………………………………………………
…………………………………………………………… 
…………………………………..……………………..… 
…………………………………………………………..… 
 
B25  –  UNITA’ IMMOBILIARI INAGIBILI, FAMIGLIE E PERSONE EVACUATE 
Unità immobiliari inagibili         fff Nuclei familiari evacuati           fff N° persone evacuate               fff
B26 – TIPO DI VISITA 
Completa              Parziale                 Solo dall’esterno     Motivi ostativi ……………………………………………………………….……………….
B27 – NOTE SULL’AGIBILITA’ ED I PROVVEDIMENTI DI P.I. 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
B28 – DANNI ALL'APPARATO DECORATIVO E ALLE OPERE D’ARTE (scheda dettagliata a parte) 
B28.1 - Descrizione apparato decorativo o opera d’arte 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
B28 .2 - Descrizione danno  
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………….……………………………………………………………………………………………… 
B28.3 - Provvedimenti provvisionali sugli apparati decorativi e sgombero opere d’arte mobili  
      SI CONSIGLIA INTERVENTO STORICO DELL’ARTE       
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO PER LA SALVAGUARDIA DELLE OPERE D’ARTE                               €                      fff fff ,00 
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B29  –  DESCRIZIONE E STIMA SOMMARIA DELLE OPERE NECESSARIE 
B29.1 - Descrizione opere di ripristino strutturale  (nuovi danni e danni pregressi aggravati) 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO PER IL RIPRISTINO STRUTTURALE                                               €       fff fff fff ,00  
B29.2 - Descrizione opere di finitura, impiantistica e miglioramento sismico 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO OPERE FINITURA, IMPIANTISTICA  E MIGLIORAMENTO SISMICO     €     fff fff fff ,00 
B29.3 - Descrizione opere di pronto intervento  (eventualmente indicare anche il costo del P.I. “a finire”) 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
STIMA DEL COSTO OPERE DI PRONTO INTERVENTO                                                            €                   fff fff ,00    
B30  – NOTE 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………..………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
B31 –  DOCUMENTAZIONE ALLEGATA  SI       NO
 
DESCRIZIONE 
 
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 
 
B32  –  SQUADRA CHE HA ESEGUITO IL RILIEVO 
SISMA C.O.M. SQUADRA N.  
Componenti della squadra  
Cognome e nome Qualifica Ente appartenenza Firma 
    
    
    
    
    
  Modello B-DP  PCM-DPC MiBAC  2006
  
  
11
ABACO DEI MECCANISMI DI COLLASSO DEI PALAZZI 
M1. RIBALTAMENTO DELLE PARETI 
 
M2. INSTABILITA’ VERTICALE DELLE PARETI M3. ROTTURA A FLESSIONE DELLE PARETI 
  
M4. RIBALTAMENTO DEL CANTONALE M5. TAGLIO NELLE PARETI ESTERNE: MASCHI 
  
M6. TAGLIO NELLE PARETI ESTERNE: FASCE M7. TAGLIO NELLE PARETI INTERNE 
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M8. SCORRIMENTO DI PIANO M9. DANNO AI PORTICATI/ LOGGE 
  
M10. SFILAMENTO TESTA DELLE TRAVI E/O MARTELLAMENTO 
 
M11. COLLASSI LOCALI DELL’IMPALCATO O DELLA VOLTA 
 
M12. DANNO ALLE VOLTE PER 
ROTAZIONE DELLE IMPOSTE 
M13. DANNO ALLE VOLTE PER  
DEFORMAZIONE DI PIANO 
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M14. DANNO ALLE SCALE 
   
M15. DANNO NEGLI ELEMENTI DI COPERTURA 
 
M16. DANNO AL MANTO DI COPERTURA 
M17. RIBALTAMENTO DELLE  
FASCE SOTTOTETTO E DEL TIMPANO 
  
M18. DANNO AGLI ELEMENTI AGGETTANTI/SVETTANTI 
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M19. COLLASSI LOCALI PER IRREGOLARITA’ COSTRUTTIVE E DEL MATERIALE 
 
M20. DANNO PER IRREGOLARITA’ DI FORMA 
M21. DANNO NEI CORPI ANNESSI 
 
M22. CEDIMENTO DI FONDAZIONI 
 
Modello B-DP  PCM-DPC MiBAC  2006 
 
Seismic Vulnerability of Historical Structures. Damage state of the Abruzzo churches, in the sequence of the 2009 earthquake. 
 
 
Erasmus Mundus Programme 
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ANNEX 2 
 
 
“Scheda di 1º livello per il rilievo della tipologia e della qualità della muratura” 
 
 
 
PROGETTO 
 
Rete dei Laboratori di Ingegneria 
Sismica 
LINEA 10 
 
PRESIDENZA DEL CONSIGLIO DEI MINISTRI - DIPARTIMENTO DELLA PROTEZIONE CIVILE 
Ufficio III - Valutazione, Prevenzione e Mitigazione del Rischio Sismico e Attività ed Opere Post-emergenza 
 
POLIMI - DIS 
 
CNR - ITC 
SCHEDA DI 1° LIVELLO PER IL RILIEVO 
DELLA TIPOLOGIA E DELLA QUALITÀ DELLA MURATURA 
1.  UBICAZIONE / IDENTIFICAZIONE Spazio riservato |__|__|__|__|__|__|__|__|__|__|__|__|__|__|
  Codici  ISTAT 
Regione             Abruzzo |__|__| 
Provincia            L’Aquila |__|__|__| 
Comune          L’Aquila                                         |__|__|__| 
Fraz./Loc.          Coppito 
Aggregato n° |__|__|__|__| 
Edificio n° |__|__| 
Data |1|7|/|0|6|/|0|9| 
N° Paramenti |__|__| 
N° Sezioni |__|__| 
DATI CATASTALI Foglio |__|__|__| Allegato |__|__| 
Particelle |__|__|__|__| |__|__|__|__| |__|__|__|__| 
Indirizzo          Piazza Duomo 
                                                          N° Civico |__|__|__|__|__| 
Sezione Censuaria |__|__|__|__| 
Coordinate geografiche (ED50 – UTM 32-33) 
E |__|__|__|__|__|__|__|.|__|__|__| Fuso 
N |__|__|__|__|__|__|__|.|__|__|__| |__|__| 
Denominazione San Pietro di Coppito Epoca di 
costruzione 
?<1919
?  ‘72÷’81 
?  ‘19÷’45 
?  ‘82÷’91 
?  ‘46÷’61 
?  ‘92÷’01 
?  ‘61÷’71 
?   1112  
 
POSIZIONE DELL’EDIFICIO - PLANIMETRIA GENERALE   POSIZIONE DELL’EDIFICIO - PLANIMETRIA PARTICOLARE   
Scala : 1:4000 Scala : 1: 300
 
FOTO EDIFICIO FOTO EDIFICIO 
Parte prima 
SCHEDA PARAMENTO  N°  |0|2| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 POSIZIONE DEL CAMPIONE DI MUARTURA NELLA PIANTA DELL’EDIFICIO 
Scala 1:200 
 
 
 POSIZIONE DEL CAMPIONE DI MURATURA SUL PROSPETTO DELLA PARETE 
Prospetto facciata ovest   scala 1:200 
 
 
 
 
 
FOTO LOCALIZZAZIONE CAMPIONE 1 FOTO LOCALIZZAZIONE CAMPIONE 1 
Non disponibile 
1          2                                     8m 
SPco M2
1          2                                     8m 
SPco M2
SCHEDA PARAMENTO  N°  |0|2| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
2.  TESSITURA DEL PARAMENTO                                                                                                               Parte seconda
  
Foto e disegni    scala 1:20 
Legenda: 
 
 
2.1  RUOLO STRUTTURALE 2.2  TIPOLOGIA 2.6  APPARECCHIATURA / ORIZZONTALITÀ DEI FILARI 
? Muratura d’ambito 
 ? Muratura di spina 
 ? Pilastro 
 ? Tamponamento 
 ? Muratura interna 
 ? Pietra ? Altro 
 ? Mattoni ? Altro 
 ? Blocchi di tufo 
 ? Blocchi di cls 
 ? Mista 
 ? Irregolare  
 (Orizzontamenti NR)  
 ? A corsi sub-orizzontali 
 (Orizzontamenti PR) 
 ? A corsi orizzontali 
 (Orizzontamenti R)  
 
 
 
 
2.3  RICORSI 2.4  ORIZZONT./ LISTATATURE 
 Assenti ? 
 Presenti ?  ogni m. |__|.|__| 
 ? In elementi più grandi 
 ? In mattoni 
 ? In cls 
 Assenti ?  
 Presenti   ?  ogni m. |__|.|__| 
2.5  ZEPPE 
 Assenti ? ? In pietra ? In cotto 
2.7  SFALSAMENTO DEI GIUNTI VERTICALI OSSERVAZIONI 
 ? Non rispettato 
  (S.G. NR) 
 ? Parzialmente rispettato 
  S.G. PR) 
 ? Rispettato  (S.G. R)  
 
 
 
I giunti orizzontali hanno spessore uniforme di circa 1 cm.  
I giunti veritcali hanno lunghezza variabile tra 1 cm e 2 cm. 
Non è stato possibile caratterizzare la sezione 
corrispondente. 
 
 
3.  CARATTERIZZAZIONE MATERIALI DEL PARAMENTO 
3.1  ELEMENTI  LAPIDEI 
3.1.1  Tipo di Elemento  3.1.2  Provenienza  3.1.3  Lavorazione 3.1.4  Stato di conservazione 
 ? Arenaria ?  Calcare 
 ? Travertino ?  Tufo 
 ? Mattoni cotti ?  Mattoni crudi 
 ? Altro _____________________ 
 ? Scavo locale 
 ? Greto del fiume 
 ? Cava 
 ? Assente 
 ? Appena sbozzata 
 ? Spigoli finiti e faccia vista  lavorata 
 ? Buono  
? Mediocre  
? Cattivo 
? Pessimo 
3.1.5 Regolarità (forma) degli elementi 3.1.6 Dimensioni degli elementi 
 ? Non rispettato (R.EL. NR) 
 ? Parzialmente rispettato (R.EL. PR) 
 ? Rispettato (R.EL. R) 
? Non rispettato (D.EL)  < 15 cm 
? Parzialmente rispettato  (D.EL) 
  15 cm ÷ 25 cm 
? Rispettato  (D.EL)      > 25 cm 
 
3.2  MALTA  3.2.7 Qualità della malta /Stato di conservazione  /Aderenza 
3.2.1 Funzione  
 ? Allettamento ? Stilatura 
 ?  Riempimento 
3.2.2 Consistenza  
 ? Incoerente ? Friabile 
 ? Compatta ? Tenace 
3.2.3 Colore GRIGIO CHIARO 
3.2.5 Tipo di aggregato 
 ? Sabbia ? Ghiaietto 
 ? Ghiaia  
3.2.6  Forma dell’aggregato 
 ? Arrotondata  ? Spigolosa 
3.2.4 Colore aggregato GIALLO 
CHIARO/BIANCO 
 
 ? Non rispettato (MA. NR) 
 ? Parzialmente rispettato (MA. PR) 
 ? Rispettato (MA. R) 
   
 
Pietre 
Vuoti 
Malta 
Vegetazione
Mattoni 
Intonaco
TIPOLOGIA MURARIA  N°  |0|2| Param. N° |M|2| ISTAT  |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 DESCRIZIONE DETTAGLIA E COMPLESSIVA DELLA TIPOLOGIA MURARIA CON OSSERVAZIONI QUALITATIVE                          Parte Terza 
- La muratura rilevata venne realizzata nel 1461 d.C., impiegando gli stessi conci squadrati utilizzati nel paramento SPCo 
M1. Gli elementi lapidei impiegati presentano però dimensioni minori rispetto a quelli utilizzati per la costruzione della 
muratura di cui il paramento SPCo M1 fa parte. 
 
 
 
 
 
 
 
 ATTRIBUZIONE DI UNA DELLE TIPOLOGIE MURARIE  
 
Muratura a blocchi squadrati di pietra non tenera (RELUIS) 
Muratura a blocchi lapidei squadrati (ord. 2374/2005)  
 
 
 
  
Definizione contenuta 
nell'ordinanza 3274/2005, 
nella tabella 11.D.1 e in 
tabella C8B.1 della NTC 
14.01.08).
Proposta di modifica della 
definizione di tipologia 
(RELUIS)
Muratura a blocchi 
squadrati di pietra non 
tenera
Muratura in mattoni pieni e 
malta di calce Nessuna modifica
Muratura in pietre a spacco 
con buona tessitura
Muratura in pietre a 
spacco (anche di forma 
irregolare) con buona 
tessitura (pietre ben 
ammorsate)  
Muratura a conci di pietra 
tenera (tufo, calcarenite, 
ecc.)
Muratura a blocchi 
squadrati di pietra tenera 
(tufo, calcarenite, ecc.)
Muratura a blocchi lapidei 
squadrati
Esempi di tessiture murarie
Muratura in pietrame 
disordinata (ciottoli, pietre 
erratiche e irregolari)
Muratura in pietrame 
(ciottoli, pietre erratiche, 
ecc.), disordinata per 
forma, dimensione e tipo 
di materiale degli 
elementi. Muratura a lisca 
pesce
Muratura a conci sbozzati, 
con paramento di limitato 
spessore e nucleo interno
Muratura a conci sbozzati, 
di dimensioni variabili e 
con prevalenza di filari  
orizzontali
100 cm0cm
100 cm
100 cm0cm
1
0
0 cm
100 cm
100 cm0cm
100 cm
100 cm0cm
10
0 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
1
00 cm
10
0 cm
 
Tabella C8B.1 (bozza di istruzioni per la compilazione 
delle Norme Tecniche per le Costruzioni NTC del 
14.01.08). 
Proposta di modifica di alcune definizioni di tipologia muraria, relative 
solo agli edifici storici, con schema grafico identificativo. 
PROGETTO 
 
Rete dei Laboratori di Ingegneria 
Sismica 
LINEA 10 
 
PRESIDENZA DEL CONSIGLIO DEI MINISTRI - DIPARTIMENTO DELLA PROTEZIONE CIVILE 
Ufficio III - Valutazione, Prevenzione e Mitigazione del Rischio Sismico e Attività ed Opere Post-emergenza 
 
POLIMI - DIS 
 
CNR - ITC 
SCHEDA DI 1° LIVELLO PER IL RILIEVO 
DELLA TIPOLOGIA E DELLA QUALITÀ DELLA MURATURA 
1.  UBICAZIONE / IDENTIFICAZIONE Spazio riservato |__|__|__|__|__|__|__|__|__|__|__|__|__|__|
  Codici  ISTAT 
Regione             Abruzzo |__|__| 
Provincia            L’Aquila |__|__|__| 
Comune          L’Aquila                                         |__|__|__| 
Fraz./Loc.          Coppito 
Aggregato n° |__|__|__|__| 
Edificio n° |__|__| 
Data |1|7|/|0|6|/|0|9| 
N° Paramenti |__|__| 
N° Sezioni |__|__| 
DATI CATASTALI Foglio |__|__|__| Allegato |__|__| 
Particelle |__|__|__|__| |__|__|__|__| |__|__|__|__| 
Indirizzo          Piazza Duomo 
                                                          N° Civico |__|__|__|__|__| 
Sezione Censuaria |__|__|__|__| 
Coordinate geografiche (ED50 – UTM 32-33) 
E |__|__|__|__|__|__|__|.|__|__|__| Fuso 
N |__|__|__|__|__|__|__|.|__|__|__| |__|__| 
Denominazione San Pietro di Coppito Epoca di 
costruzione 
?<1919
?  ‘72÷’81 
?  ‘19÷’45 
?  ‘82÷’91 
?  ‘46÷’61 
?  ‘92÷’01 
?  ‘61÷’71 
?   1112  
 
POSIZIONE DELL’EDIFICIO - PLANIMETRIA GENERALE   POSIZIONE DELL’EDIFICIO - PLANIMETRIA PARTICOLARE   
Scala : 1:4000 Scala : 1: 300
 
FOTO EDIFICIO FOTO EDIFICIO 
Parte prima 
SCHEDA PARAMENTO  N°  |0|3| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 POSIZIONE DEL CAMPIONE DI MUARTURA NELLA PIANTA DELL’EDIFICIO 
scala 1:200 
 
 
 POSIZIONE DEL CAMPIONE DI MURATURA SUL PROSPETTO DELLA PARETE 
Prospetto esterno Nord   scala 1:200 
 
 
 
 
 
 
FOTO LOCALIZZAZIONE CAMPIONE 1 FOTO LOCALIZZAZIONE CAMPIONE 1 
Non disponibile 
1          2                                     8m 
SPco M3
1          2                                     8m 
SPco M3
SCHEDA PARAMENTO  N°  |0|3| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
2.  TESSITURA DEL PARAMENTO                                                                                                               Parte seconda
  
Foto e disegni    scala 1:20 
Legenda: 
 
 
2.1  RUOLO STRUTTURALE 2.2  TIPOLOGIA 2.6  APPARECCHIATURA / ORIZZONTALITÀ DEI FILARI 
 ?  Muratura d’ambito 
 ? Muratura di spina 
 ? Pilastro 
 ? Tamponamento 
 ? Muratura interna 
 ? Pietra ? Altro 
 ? Mattoni ? Altro 
 ? Blocchi di tufo 
 ? Blocchi di cls 
 ? Mista 
 ? Irregolare  
 (Orizzontamenti NR)  
 ? A corsi sub-orizzontali 
 (Orizzontamenti PR) 
 ? A corsi orizzontali 
 (Orizzontamenti R)  
 
 
 
 
2.3  RICORSI 2.4  ORIZZONT./ LISTATATURE 
 Assenti ? 
 Presenti ?  ogni m. |__|.|__| 
 ? In elementi più grandi 
 ? In mattoni 
 ? In cls 
 Assenti ?  
 Presenti   ?  ogni m. |__|.|__| 
2.5  ZEPPE 
 Assenti ? ? In pietra ? In cotto 
2.7  SFALSAMENTO DEI GIUNTI VERTICALI OSSERVAZIONI 
 ? Non rispettato 
  (S.G. NR) 
 ? Parzialmente rispettato 
  S.G. PR) 
 ? Rispettato                                                 
  (S.G. R)  
 
 
 
La ristilatura abbondante dei giunti di malta non permette di 
cogliere le reali dimensioni  medie dei giunti stessi. Non è 
stato possibile caratterizzare la sezione corrispondente. 
 
 
3.  CARATTERIZZAZIONE MATERIALI DEL PARAMENTO 
3.1  ELEMENTI  LAPIDEI 
3.1.1  Tipo di Elemento  3.1.2  Provenienza  3.1.3  Lavorazione 3.1.4  Stato di conservazione 
  ? Arenaria ?  Calcare 
 ? Travertino ?  Tufo 
 ? Mattoni cotti ?  Mattoni crudi 
 ? Altro _____________________ 
 ? Scavo locale 
 ? Greto del fiume 
 ? Cava 
 ? Assente 
 ? Appena sbozzata 
 ? Spigoli finiti e faccia vista non  
 lavorata 
 ? Buono  
? Mediocre  
? Cattivo 
? Pessimo 
3.1.5 Regolarità (forma) degli elementi 3.1.6 Dimensioni degli elementi 
 ? Non rispettato (R.EL. NR) 
 ? Parzialmente rispettato (R.EL. PR) 
 ? Rispettato (R.EL. R) 
? Non rispettato (D.EL)  < 15 cm 
? Parzialmente rispettato  (D.EL) 
  15 cm ÷ 25 cm 
? Rispettato  (D.EL)      > 25 cm 
 
3.2  MALTA  3.2.7 Qualità della malta /Stato di conservazione  /Aderenza 
3.2.1 Funzione  
 ? Allettamento ? Stilatura 
 ?  Riempimento 
3.2.2 Consistenza  
 ? Incoerente ? Friabile 
 ? Compatta ? Tenace 
3.2.3 Colore GRIGIO CHIARO 
3.2.5 Tipo di aggregato 
 ? Sabbia ? Ghiaietto 
 ? Ghiaia  
3.2.6  Forma dell’aggregato 
 ? Arrotondata ? Spigolosa 
3.2.4 Colore aggregato 
BIANCO/GRIGIO CHIARO 
 
 ? Non rispettato (MA. NR) 
 ? Parzialmente rispettato (MA. PR) 
 ? Rispettato (MA. R) 
   
 
Pietre 
Vuoti 
Malta 
Vegetazione
Mattoni 
Intonaco
TIPOLOGIA MURARIA  N°  |0|3| Param. N° |M|3| ISTAT  |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 DESCRIZIONE DETTAGLIA E COMPLESSIVA DELLA TIPOLOGIA MURARIA CON OSSERVAZIONI QUALITATIVE                          Parte Terza 
Lo stato di conservazione sia della malte che dei conci di pietra sono buoni, ma la malta impiegata per la ristilatura dei 
giunti presenta efflorescenze saline nelle parti più vicine alla pavimentazione esterna del cortile. 
 
 
 
 
 
 
 
 ATTRIBUZIONE DI UNA DELLE TIPOLOGIE MURARIE  
 
Muratura a conci sbozzati di dimensioni variabili e con prevalenza di filari orizzontali (RELUIS). 
Muratura a conci sbozzati, con paramenti di limitato spessore e nucleo interno (ord. 3274/2005). 
 
 
 
  
Definizione contenuta 
nell'ordinanza 3274/2005, 
nella tabella 11.D.1 e in 
tabella C8B.1 della NTC 
14.01.08).
Proposta di modifica della 
definizione di tipologia 
(RELUIS)
Muratura a blocchi 
squadrati di pietra non 
tenera
Muratura in mattoni pieni e 
malta di calce Nessuna modifica
Muratura in pietre a spacco 
con buona tessitura
Muratura in pietre a 
spacco (anche di forma 
irregolare) con buona 
tessitura (pietre ben 
ammorsate)  
Muratura a conci di pietra 
tenera (tufo, calcarenite, 
ecc.)
Muratura a blocchi 
squadrati di pietra tenera 
(tufo, calcarenite, ecc.)
Muratura a blocchi lapidei 
squadrati
Esempi di tessiture murarie
Muratura in pietrame 
disordinata (ciottoli, pietre 
erratiche e irregolari)
Muratura in pietrame 
(ciottoli, pietre erratiche, 
ecc.), disordinata per 
forma, dimensione e tipo 
di materiale degli 
elementi. Muratura a lisca 
pesce
Muratura a conci sbozzati, 
con paramento di limitato 
spessore e nucleo interno
Muratura a conci sbozzati, 
di dimensioni variabili e 
con prevalenza di filari  
orizzontali
100 cm0cm
100 cm
100 cm0cm
1
0
0 cm
100 cm
100 cm0cm
100 cm
100 cm0cm
10
0 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
1
00 cm
10
0 cm
 
Tabella C8B.1 (bozza di istruzioni per la compilazione 
delle Norme Tecniche per le Costruzioni NTC del 
14.01.08). 
Proposta di modifica di alcune definizioni di tipologia muraria, relative 
solo agli edifici storici, con schema grafico identificativo. 
PROGETTO 
 
Rete dei Laboratori di Ingegneria 
Sismica 
LINEA 10 
 
PRESIDENZA DEL CONSIGLIO DEI MINISTRI - DIPARTIMENTO DELLA PROTEZIONE CIVILE 
Ufficio III - Valutazione, Prevenzione e Mitigazione del Rischio Sismico e Attività ed Opere Post-emergenza 
 
POLIMI - DIS 
 
CNR - ITC 
SCHEDA DI 1° LIVELLO PER IL RILIEVO 
DELLA TIPOLOGIA E DELLA QUALITÀ DELLA MURATURA 
1.  UBICAZIONE / IDENTIFICAZIONE Spazio riservato |__|__|__|__|__|__|__|__|__|__|__|__|__|__|
  Codici  ISTAT 
Regione             Abruzzo |__|__| 
Provincia            L’Aquila |__|__|__| 
Comune          L’Aquila                                         |__|__|__| 
Fraz./Loc.          Coppito 
Aggregato n° |__|__|__|__| 
Edificio n° |__|__| 
Data |1|7|/|0|6|/|0|9| 
N° Paramenti |__|__| 
N° Sezioni |__|__| 
DATI CATASTALI Foglio |__|__|__| Allegato |__|__| 
Particelle |__|__|__|__| |__|__|__|__| |__|__|__|__| 
Indirizzo          Piazza Duomo 
                                                          N° Civico |__|__|__|__|__| 
Sezione Censuaria |__|__|__|__| 
Coordinate geografiche (ED50 – UTM 32-33) 
E |__|__|__|__|__|__|__|.|__|__|__| Fuso 
N |__|__|__|__|__|__|__|.|__|__|__| |__|__| 
Denominazione San Pietro di Coppito Epoca di 
costruzione 
?<1919
?  ‘72÷’81 
?  ‘19÷’45 
?  ‘82÷’91 
?  ‘46÷’61 
?  ‘92÷’01 
?  ‘61÷’71 
?   1112  
 
POSIZIONE DELL’EDIFICIO - PLANIMETRIA GENERALE   POSIZIONE DELL’EDIFICIO - PLANIMETRIA PARTICOLARE   
Scala : 1:4000 Scala : 1: 300
 
FOTO EDIFICIO FOTO EDIFICIO 
Parte prima 
SCHEDA PARAMENTO  N°  |0|4| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 POSIZIONE DEL CAMPIONE DI MUARTURA NELLA PIANTA DELL’EDIFICIO 
Scala 1:200 
 
 
 POSIZIONE DEL CAMPIONE DI MURATURA SUL PROSPETTO DELLA PARETE 
Prospetto facciata ovest   scala 1:200 
 
 
 
 
 
FOTO LOCALIZZAZIONE CAMPIONE 1 FOTO LOCALIZZAZIONE CAMPIONE 1 
Non disponibile 
1          2                                     8m 
SPco M4
SPco M4 
SPco M4
1          2                                     8m 
SCHEDA PARAMENTO  N°  |0|4| ISTAT Pr./Com. |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
2.  TESSITURA DEL PARAMENTO                                                                                                               Parte seconda
  
Foto e disegni    scala 1:20 
Legenda: 
 
 
2.1  RUOLO STRUTTURALE 2.2  TIPOLOGIA 2.6  APPARECCHIATURA / ORIZZONTALITÀ DEI FILARI 
? Muratura d’ambito 
 ? Muratura di spina 
 ? Pilastro 
 ? Tamponamento 
 ? Muratura interna 
 ? Pietra ? Altro 
 ? Mattoni ? Altro 
 ? Blocchi di tufo 
 ? Blocchi di cls 
 ? Mista 
 ? Irregolare  
 (Orizzontamenti NR)  
 ? A corsi sub-orizzontali 
 (Orizzontamenti PR) 
 ? A corsi orizzontali 
 (Orizzontamenti R)  
 
 
 
 
2.3  RICORSI 2.4  ORIZZONT./ LISTATATURE 
 Assenti ? 
 Presenti ?  ogni m. |__|.|__| 
 ? In elementi più grandi 
 ? In mattoni 
 ? In cls 
 Assenti ?  
 Presenti   ?  ogni m. |__|.|__| 
2.5  ZEPPE 
 Assenti ? ? In pietra ? In cotto 
2.7  SFALSAMENTO DEI GIUNTI VERTICALI OSSERVAZIONI 
 ? Non rispettato 
  (S.G. NR) 
 ? Parzialmente rispettato 
  S.G. PR) 
 ? Rispettato                                                 
  (S.G. R)  
 
 
 
L’inaccessibilità dell’area non ha permesso una valutazione 
di dettaglio relativa alla muratura. Non è stato possibile 
caratterizzare la sezione corrispondente. 
 
 
3.  CARATTERIZZAZIONE MATERIALI DEL PARAMENTO 
3.1  ELEMENTI  LAPIDEI 
3.1.1  Tipo di Elemento  3.1.2  Provenienza  3.1.3  Lavorazione 3.1.4  Stato di conservazione 
 ? Arenaria ?  Calcare 
 ? Travertino ?  Tufo 
 ? Mattoni cotti ?  Mattoni crudi 
 ? Altro _____________________ 
 ? Scavo locale 
 ? Greto del fiume 
 ? Cava 
 ? Assente 
 ? Appena sbozzata 
 ? Spigoli finiti e faccia vista non  
 lavorata 
 ? Buono  
? Mediocre  
? Cattivo 
? Pessimo 
3.1.5 Regolarità (forma) degli elementi 3.1.6 Dimensioni degli elementi 
 ? Non rispettato (R.EL. NR) 
 ? Parzialmente rispettato (R.EL. PR) 
 ? Rispettato (R.EL. R) 
? Non rispettato (D.EL)  < 15 cm 
? Parzialmente rispettato  (D.EL) 
  15 cm ÷ 25 cm 
? Rispettato  (D.EL)      > 25 cm 
 
3.2  MALTA  3.2.7 Qualità della malta /Stato di conservazione  /Aderenza 
3.2.1 Funzione  
 ? Allettamento ? Stilatura 
 ?  Riempimento 
3.2.2 Consistenza  
 ? Incoerente ? Friabile 
 ? Compatta ? Tenace 
3.2.3 Colore malta GIALLO 
3.2.5 Tipo di aggregato 
 ? Sabbia ? Ghiaietto 
 ? Ghiaia  
3.2.6  Forma dell’aggregato 
 ? Arrotondata 
 ? Spigolosa 
3.2.4 Colore aggr.  ___________ 
 
 ? Non rispettato (MA. NR) 
 ? Parzialmente rispettato (MA. PR) 
 ? Rispettato (MA. R) 
   
 
Pietre 
Vuoti 
Malta 
Vegetazione
Mattoni 
Intonaco
TIPOLOGIA MURARIA  N°  |0|4| Param. N° |M|4| ISTAT  |__|__|__| / |__|__|__| Aggr. |__|__|__|__| Edificio |__|__| 
 
 DESCRIZIONE DETTAGLIA E COMPLESSIVA DELLA TIPOLOGIA MURARIA CON OSSERVAZIONI QUALITATIVE                          Parte Terza 
- La muratura costruita con questa tipologia di paramento si trova esclusivamente nella parte alta della facciata. Appena 
sopra la merlatura in pietra, posizionata circa a metà altezza della facciata, si trovano conci in pietra a spacco le cui 
dimensioni sono superiori rispetto a quelle stimate nella parte centrale del paramento analizzato SPco M4. 
 
 
 
 
 
 
 
 ATTRIBUZIONE DI UNA DELLE TIPOLOGIE MURARIE  
Muratura a conci sbozzati di dimensioni variabili e con prevalenza di filari orizzontali (RELUIS). 
Muratura a conci sbozzati, con paramento di limitato spessore e nucleo interno (ord. 2374/2005)  
 
 
 
  
 
Definizione contenuta 
nell'ordinanza 3274/2005, 
nella tabella 11.D.1 e in 
tabella C8B.1 della NTC 
14.01.08).
Proposta di modifica della 
definizione di tipologia 
(RELUIS)
Muratura a blocchi 
squadrati di pietra non 
tenera
Muratura in mattoni pieni e 
malta di calce Nessuna modifica
Muratura in pietre a spacco 
con buona tessitura
Muratura in pietre a 
spacco (anche di forma 
irregolare) con buona 
tessitura (pietre ben 
ammorsate)  
Muratura a conci di pietra 
tenera (tufo, calcarenite, 
ecc.)
Muratura a blocchi 
squadrati di pietra tenera 
(tufo, calcarenite, ecc.)
Muratura a blocchi lapidei 
squadrati
Esempi di tessiture murarie
Muratura in pietrame 
disordinata (ciottoli, pietre 
erratiche e irregolari)
Muratura in pietrame 
(ciottoli, pietre erratiche, 
ecc.), disordinata per 
forma, dimensione e tipo 
di materiale degli 
elementi. Muratura a lisca 
pesce
Muratura a conci sbozzati, 
con paramento di limitato 
spessore e nucleo interno
Muratura a conci sbozzati, 
di dimensioni variabili e 
con prevalenza di filari  
orizzontali
100 cm0cm
100 cm
100 cm0cm
1
0
0 cm
100 cm0cm
100 cm
100 cm0cm
100 cm
100 cm0cm
10
0 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
100 cm
100 cm0cm
1
00 cm
100 cm0cm
1
00 cm
100 cm0cm
10
0 cm
 
Tabella C8B.1 (bozza di istruzioni per la compilazione 
delle Norme Tecniche per le Costruzioni NTC del 
14.01.08). 
Proposta di modifica di alcune definizioni di tipologia muraria, relative 
solo agli edifici storici, con schema grafico identificativo. 
